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KXl-CUnVE SUMMARY 

CJTC Mild water at the Waukegan Maniifactxired Gas and Coke Plant Site in Watikegan 
Illinais requires treatment to reduce the concentrations of arseruc, ammonia, phenols, 
and s(?veral other chemical compounds. Treated groundwater will he reinjected into the 
gTO.md. 

A groundwater PUot Project Study was completed in 2000 and 2001 (final Pilot Project 
Report, July 2001 (CRA). Potential groundwater treatment technology was evaluated 
during the PUot Project Study. It was determined that Fenton's reagent treatment (a 
mixture of ferrous svilfate and hydrogen peroxide) can be successfully applied to remove 
up lo 90 percent of the arsenic while simultaneously removing up to 15 percent of other 
orgiinic contaminants and thiocyanate. Biological treatment in Sequencing Batch 
Rea: tors (SBR's) removed up to 99 percent of phenols, >95 percent thiocyanate, and 
>90 D(!rcent of all specific organic compoimds. Nitrification of ammonia was clearly 
estahLshed in the SBR's but complete and consistent nitrification was not achieved 
dur.ig the groimdwater Pilot Project Study. As a result, a follow-up Nitrification Study 
was u::idertaken as presented in this report. 

The main objective of the Nitrification Study was to demonstrate that SBR's could 
succi?ssfully achieve con\plete and corisistent lutrification of representative grovmdwater 
•w'̂ hi'Ch has high concentrations of ammonia, TKN, thiocyanate, arsenic, and phenol. 
Specific objectives are to: 

i) validate the efficacy of the pre-treatment procedure for arsenic removal 
developed during the "Pilot Project"; 

ii) acclimatize sludge in a sequencing batch reactor to achieve complete nitrification 
(i.e., effluent ammonia concentration of <1 mg/L) as well as greater than 80% 
removal of organics and phenols; 

iii) determine if arsenic pre-treatment is required to achieve stable and complete 
nitrification; 

iv) determine the fate of arsenic during biological treatment; 

v I evaluate arsenic treatment options dvuing biological treatment or after treatment 
to meet ROD objectives; and 

VI.) establish a design basis for the preferred treatment system. 

15023 10) i CoNESTOGA-RovERS & ASSOCIATES 



•• Circjndwater from the Waukegan Manufactured Gas and Coke Plant Site was blended 
to create sample water that was considered to be representative of groundwater quality 
to be treated. The target for ammonia was 450 to 500 mg/L and for arsenic 2.7 to 
15 ::ag/L. Part of the blended sample water was subjected to pretreatment testing to 
confirm the appropriate dose of Fenton's reagent and humates. Pretreatment was 

m condvicted to reduce arsenic concentrations in case the arsenic concentiations were 
inh;/:)itory to the nitrifying micro-organisms. 

Hi 

Twc SBRs were operated in parallel. SBRl was fed raw groundwater while SBR2 was 
fed Dretreated groundwater. The SBRs were initially seeded with sludge from a coke 

m. v/as:e water plant at DOFASCO in Hamilton, Ontario. Acclimatization with this sludge 
sen-ice was considered to be too slow and the process was re-started with sludge from 
the Clairton Coke Works in Pittsburgh, Pennsylvania. 

/k-cclirnatization took longer than expected but after two months a robust consortia of 
mL micto-organisms was established and operated in a steady state condition at 7.5 days 

HRT imd 100 days SRT at 30°C. All treatment objectives were met without difference 
between pre-treated feed and raw feed with respect to organic removal and nitrification. 

Aftt.T establishing consistent performance several optimization experiments were 

m. conducted: 

• ITie HRT was reduced to 5 days and then 3 days while stiU achieving effluent 
'.ILscharge criteria of <1 mg/L NH3-N. 

• ITie temperature was reduced first to 25°C and then to 19°C while still achieving 
* 1; filuent discharge criteria. 

• llie feed cycle was reduced from six to three cycles per day. 

• • Tv;'o reactor upsets were intentionally initiated by different causes (aeration faUure 
and pH control failure) so that recovery procedures could be developed and tested. 
;:t was determined that an acclimatized biomass can be recovered (effluent ammorua 
:.l mg/L) from a complete nitrification upset in approximately 3 days. Full recover^' 
c f pre-upset biokinetic conditions may take up to 9 days. Recovery steps consist of 
r eutrahzing the pH, warming the biomass to 30°C, sludge washing and seeding the 
i.pset reactor from a normally operating reactor. 

• I: ivas determined that arsenic up to 10mg/L was not affecting nitrification and 
consequently both operating reactors were switched to raw groundwater feed. 
!:e\^eral strategies to address arseruc were then evaluated. Ferric Chloride was 
added directly to the mixed liquor in the reactors. This strateg)'̂  eventually led to 

m 
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•• low arsenic concentrations in the effluent but the resulting biomass sludge after 
u ashing and air drying is RCRA characteristic hazardous for arsenic. 

Mil 

Ter iiiry treatment to remove arsenic from the effluent was also evaluated vising: 

"" • ferric chloride; 

• ferrous sulfate; 

** • ferrous sulfate and humates; 

• Fenton's reagent and humates at pH = 7.4; 

'* • Fenton's reagent at pH = 3.5; and 

• activated alumina adsorption. 
Ml 

Per. ton's reagent treatment produced the best quality effluent but was not significantly 
better than the effluent produced by adding ferric chloride directly to the SBR. 

In summary, the conclusions of the Nitrification Study are: 
i i 

a. Pretreatment for arsenic is not required to achieve complete and corisistent 
^ nitrification; 

b. Biological treatment is effective in reducing the concentration of target chemicals; 

^ c. The SBR system can rapidly recover (i.e., 3 days or less) from upset conditions 
using the recovery procedure developed in this study; 

d. Reducing arsenic concentrations requires chemical treatment; 

e. Sludges from the treatment system are likely to be RCRA characteristic 
hazardous for arsenic; and 

f. The design basis for the preferred treatment system is: 

• one equalization tank (HRT = 1 day), 

*• • three covered SBR's (HRT = 5 days), 

• air pvunped from covered SBRs and treated to control odor and possibly 
*« arsenic, 

• effluent equalization tank, 

<' • sludge storage tank, 

• filter press, 

«» • filtrate returned to influent, and 
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t i l : 

• pressed sludge a RCRA characteristic hazardous waste. 

The expected operating strategy will include 3 feeding cycles per day consisting 
of: 

• 60 minutes FILL, 

• 260 minutes REACT, 

• 100 minutes SETTLE, and 

• 60 minutes DRAW. 
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1.0 INIRODUCTION 

Thi;5 report presents the methodology and results of a "Nitrification Study" conducted on 

g,To-.Lndwater obtained from the Waukegan Manufactured Gas and Coke Plant (WCP) 

Site Iccated in Waukegan, Dlinois (Site). The Nitrification Study follows and builds on a 

pre\ ious treatability study conducted on groundwater from the WCP Site. The previous 

treatability study is presented in the Pilot Project Report, Waukegan Manufactured Gas 

and Coke Plant, July 2001. 

The PUot Project Report identified that "nitrification is the process that wiU determine 

desi;p:i kinetics and full scale design parameters". The Pilot Project Report 

reccnmended that a foUow up bench-scale system be operated to confirm that 

nitri.ication covdd be reliably used to tieat the WCP Site groundwater. The Nitrification 

Study presented in this report is the foUow up study that was recommended in the Pilot 

Project Report. 

Like the Pilot Project Treatability Study this Nitrification Study has two primary 

heatment components: Pretreatment for arsenic; and Biological Nitrification for 

amrrionia treatment. 

1.1 SITE OVERVIEW 

The V/CP Site occupies 36 acres in Waukegan, Illinois, on a peninsula separating 

Waukegan Harbor on the west from Lake Michigan on the east (Figure 1.1). The 

prop 21 ty and its environs are part of the industrial/commercial waterfront in 

VN^aukegan. The sand dunes and beach area adjacent to the WCP Site are used for public 

recreation. Figure 1.2 provides a plan view of the Site. 

The Site is xinderlain by near-surface fiU materials that were placed over a fine-grained 

sand unit. The sand unit extends from the grovmd sirrface or the near stu-face fill 

materi.als to the top of a low-permeabiUty clayey tiU unit present at approximately 

30 feet below ground surface. Shallow groundwater occurs in the fine-grained sand 

ujiit. Shallow groundwater flows in response to infiltration on the peninsula, 

disci: a:-ging to the surrounding surface water. The vadose zone soil and the shallow 

acjuifer at the Site have been affected by past activities. Soil at the WCP Site contains 

coal tar and arsenic and is being addressed in the Soil Operable Unit Remedial Action. 

Tlie groundwater contains arsenic, ammonia, phenols, and several other chemical 

comj-'ounds. The most affected portion of the shallow aquifer is foxmd in the lowest 

5 feel cf the sand imit, approximately 25 to 30 feet below grovmd surface. 
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Barr lingineering conducted a Remedial Investigation/Feasibility Study (RI/FS) at the 

Site between 1992 and 1998. The U.S. Environmental Protection Agency (USEPA) issued 

a Record of Decision (ROD) for the Remedial Action at the Site in September 1999. The 

si^le: ted remedy presented in the ROD included soil and groundwater components. A 

pre-design groundwater pilot project, designed to further evaluate the practicality of 

extTEicting, treating and re-injecting grotmdwater, was completed in March 2001 and 

subr-iitted to the United States Envirorunental Protection Agency (USEPA). The 

Pre-lDesign Study report is known as the Pilot Project Report. The Pilot Project Report 

concluded that the concepts and principles underlying cell based groundwater 

exti = c don and reinjection were confirmed and that biological nitrification was achieved. 

Hovk ever, the parameters required for successful scale up of the biological treatment 

process were not defined during the Pilot Project and an additional nitrification study, 

as pie.sented in this report, was required to facilitate treatment system design. 

1.2 SUMMARY OF THE PILOT PROTECT TREATABILITY STUDY 

The ;p:oundwater Pilot Project Study was completed in 2000 and 2001 (final Pilot Project 

Repon:, July 2001, CRA). 

Dur:.ng the Pilot Project Study potential technology for treating groimdwater collected at 

the Irite was evaluated in two parts, pre-treatment for arsenic removal and biological 

t reatnent for removal of organic compoimds, ammonia and thiocyanate. It was 

determined that Fenton's reagent treatment (a mixture of ferrous sulfate and hydrogen 

peroxide) can be successfully applied for removal of arsenic (generally 80 to 90 percent 

remcval). During the same treatment, partial removal (approximately 15 percent) of 

orga]iic contaminants and thiocyanate was also achieved. 

Biolcgical treatment of pre-treated groimdwater from the Site applying Sequencing 

Batch Reactor (SBR) technology removed up to 99 percent of phenols, >95 percent of 

thiocyjmate, and >90 percent of aU specific organic compounds. 

Nitrification (biological oxidation of ammonia to nitrate) in the SBR system was clearly 

established achieving up to 60 percent removal ammonia. However, one of the 

conclusions of the Pilot Project Study was that the test was not planned or configured to 

0]5eratiB long enough to fully acclimatize the biomass to a very high concentration of 

ammonia in the groundwater [NH3-N up to 2000 mg/L , TKN ~2000mg/L)]. As a 

result, complete and consistent nitrification was not achieved. 

(jgi 
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The' Pilot Project Report recommended that a follow up bench scale system be operated 

to address the following: 

a) longer acclimatization and operation period so that stable biological treatment is 

achieved; 

b) parallel operation of biological tieatment process with and without arsenic 

pre-treatment to monitor the fate of the arsenic in the process; and 

c) representative influent concentrations as opposed to the start-up concentrations 

used in the Pilot Project TreatabiUty Study. 

1.3 NITRinCATION STUDY OBTECTrVES 

A Nitrification Study Work Plan (NSWP) was included with the "Groundwater 

Pre-Design Study Work Plan" that was submitted to USEPA in January 2002. 

Moc^ifications were made to the Work Plan and submitted to the USEPA in 

September 2002. USEPA comments on the modified Work Plan were addressed in an 

Octcber 30, 2002 letter to the USEPA. 

The purpose of the NSWP was to plan and conduct the long-term operation of a 

bench-scale system that would define the parameters for successful scale up of a 

biolcigical groundwater treatment system. 

Overall study objectives for this Nitrification Study were defined in the NSWP. 

The following detailed objectives incorporate and elaborate on the overall stud)' 

objectives: 

i) validate the efficacy of the pre-treatment procedure for arsenic removal 

developed during the "PUot Project"; 

ii I acclimatize sludge in a sequencing batch reactor to achieve complete nitrification 

(i.e., effluent ammonia concentration of <1 mg/L) as well as greater than 80% 

removal of organics and phenols; 

iLi) determine if arsenic pre-treatment is required to achieve stable and complete 

nitrification; 

iv) determine the fate of arsenic during biological treatment; 

v; evaluate arsenic treatment options during biological treatment or after treatment 

to meet ROD objectives; and 
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vi) demonstrate effective treatment and operating conditions that can improve the 

effectiveness or reduce the cost of fuU-scale treatment: lower hydrauhc retention 

time, lower temperature, and optimize operating strategy. 

Trccitment process design parameters will be presented in the groimdwater Preliminary 

Design. 

The :'^Jitrification Study reports on the following items: 

• (iloUection and characterization of representative groundwater samples that are used 

to create bulk samples that are representative of expected extraction system water 

quality; 

• Ire-treatment of representative bulk sample groundwater for arsenic removal; 

• ^'xchmatization of activated sludge in an SBR for nitrification using raw and 

prt;tieated groundwater 

• (!Optimization of SBR operation for nitrification using raw and pre-treated 

grciundwater; 

• Evaluation of upset recovery procedures for the biological treatment system; and 

• Evaluation of alternatives to pretreatment for arsenic removal in the biological 

ti eatment system. 
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2 0 (GROUNDWATER CHARACTERIZATION 

ITie results of the Pilot Study, summarized in the Pilot Project Report, demonstrated that 

pari2 meter concentrations declined significantiy over the first 10 days of pumping and 

renLiined at reduced levels under the various pumping scenarios that were tested 

during the Pilot Project. 

I he FUot Project Report also demonstrated that nitrification is the process that will 

detf.'rrnine design kinetics and full-scale design parameters. Consequentiy, ammorua 

v/as expected to be the key parameter for determining the treatability of the Site 

groij ndwater. 

/^j-senic is another important parameter of the groundwater that could affect the 

effic ency of treatment and could have an impact on the full-scale .system capital and 

operational costs. Consequentiy, ammonia and arsenic were selected to characterize 

expected representative long-term groundwater quality. 

Prelinrinary modelling results indicated that representative groundwater concentrations 

for cimmonia and arsenic are expected to be, approximately: 

NH;i • N = 450 to 500 m ^ 

Axsenic = 2.5 to 7.5 m ^ L 

As a result, these were the target concentrations used to define representative influent 

groundwater quality for the nitrification study. 

Deta Ifi of representative well selection and groundwater sample shipment, storage and 

prep.iration are presented in Appendix A. 

Analytical data for groundwater composite batches used as feed in the nitrification 

stud;'^ are presented in Table 2.1. Variations in the main parameters of concern are 

presented on Figure 2.1 (NH3-N, TKN, thiocyanate); Figure 2.2 (COD, TOC, DOC); 

Figine 2.3 (TOC, phenols); and Figure 2.4 (arsenic). 

As the groundwater to be treated in a fuU scale system will be originating from different 

well;: vv̂ ith widely varying composition, which wiU be equalized before treatment, these 

variations are considered to be acceptable. Success in achieving consistent nitiification 

duriirig the nitrification study, using feed with this variable composition, wUl help 
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ensiue that a fuU scale treatment system , that is based on the study results, wiU have 

sufficient flexibility to tieat the variable influent water composition. 
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3.0 BACKGROUND AND OBTECTIVES 

3.1 ARSENIC PRE-TREATMENT 

Ars(!ric is a known inhibitor of biological processes. Elevated concentrations of arsenic 

in the groundwater (6 to 11 mg/L) may inhibit nitrification. The potential for arsenic 

inIi::Dition was the main reason for evaluating arsenic pre-tieatment prior to biological 

treaiment. 

D u i n g the PUot Project Treatability Study it was determined that Fenton's reagent 

treatment (a mixture of ferrous sulfate and hydrogen peroxide) can successfuUy remove 

80-93 percent of arsenic from the site groimdwater. It was also discovered that a 

1,000 m g / L dose of humates aUows this tieatment to operate at a neutral pH whUe 

Fentoii's reagent treatment typicaUy requires pH <3.5. 

The composite groundwater feed used during this Nitrification Study contained high 

concentiations of phenol and other organics. During the pre-tieatment, these organic 

com Dounds are also oxidized by the hydrogen peroxide in the Fenton's reagent thus 

requiring a higher dose of Fenton's reagent to achieve the desired arsenic removal. 

ThereJore, additional screening tests with a range of hydrogen peroxide doses were 

inch: ded in this Nitrification Study. 

The main objective of the pre-treatment study was to determine the chemical dosage 

reqviirements to achieve greater than 80% arsenic removal. 

3.2 BIOLOGICAL NrTRIFICATION 

Marii of the constituents found in the site groundwater are potential inhibitors of 

nitrification. These inhibitors include phenols, thiocyante, and arsenic. The inhibitor^' 

effects of these constituents alone and together were evaluated in the Laboratory 

BiotreatabUity Study Report to Evaluate Aerobic Bioremediation of Contaminated Site 

Groundwater, Waukegan Manufactured Gas and Coke Plant Site, Waukegan, Illinois 

(Fluijr Daniel, 1998). The SBR tieatability data presented in \he PUot Project Report 

sup]3o;rted the hypothesis that the organic constituents and thiocyanate were aU 

degt ided prior to significant nitrification occurring. This is likely due to their inhibitory 

alfec:ts on nitrification. These inhibitory effects are reduced as these constituents are 

degraded. The PUot Project Report concluded that "nitiification is the process that wiU 

deteimine design kinetics and full scale design parameters". This conclusion is 

consistent with the results of previous tieatabUity work on the WCP gi'oundwater. 
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The main objective of the Nitrification Study, therefore, was to demonstiate that an SBR 

(i.e., periodicaUy operated biological tieatment system) could successfuUy achieve 

complete and consistent nitrification of representative groundwater which has high 

cone eatiations of ammonia, TKN, thiocyanate, arsenic, and phenol. 

Twc SBR's were operated in paraUel: SBRl tieating raw groundwater and SBR2 treating 

groi:jidwater after arsenic removal by pre-tieatment. ParaUel operation of the two SBRs 

permitted early evaluation of the potential for arsenic to affect biological tieatment of 

organics, thiocyanate, and ammonia. A third SBR was maintained in a standby 

coniilition to provide supplementary biomass, if required. 

Specific objectives of each phase of the nitrification study are presented in the foUowing 

subsections. 

3.2.1 ACCLIMATIZATION 

The purpose of acclimatization was to eruich those organisms in the biomass that could 

achieve degradation of organics and thiocyanate as weU as nitiify the ammonia at 

concentiations that are representative of predicted groundwater concentrations from the 

exti,:ction system. As concluded in earUer studies and supported by the data presented 

in tins report, organic degradation, including phenols and thiocyante wUl occur before 

significant nitrification occurs. Therefore, the biomass was considered acclimatized 

when the ammonia concentiation in the effluent was consistentiy reduced to <1 m g / L 

for £,: least one week. 

One; the reactors achieved steady nitiification at an HRT of 7.5 da3'̂ s, the SBR's were 

operated for 4 to 6 weeks with consistent operating conditions. The objective during this 

pericd was to coUect data that would permit the scale up and design of a fuU scale 

sj'̂ stt̂ m in the event that further optimization of operating parameters was not possible. 

3.2.2 OPTIMIZATION OF SBR OPERATION 

Further optimization efforts focused on the foUowing parameters: 

• llEL- Lowering the operating HRT of the system from 7.5 to 5 days. Subsequent 

Tasting looked at further lowering of the HRT to 3 days. The objective was to 

determine a low HRT that could consistentiy meet the tieatment olTJectives; 
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Reaction Rate: Increasing the reaction rates in the reactor by increasing the organic 

and ammonia loading rate on the reactor by reducing the time that feed is 

p»;riodicaUy added to the reactor. The objective w^as to increase parameter 

rcmcentrations to achieve high reaction rates to reduce the time required to achieve 

ammonia concentiations <1 mg/L.; 

Reactor Temperature: Lowering the mixed Uquor temperature from 30°C to as low 

IS reasonable whUe maintaining an ammonia concentiation of <1 mg /L at the end 

of each REACT period. The objective was to determine a reasonable low 

:emperature that could meet tieatment objectives; and 

Arsenic Removal: Simplify arsenic removal by precipitating arsenic in the SBR by 

he addition of ferric chloride. The objective was to determine the effect of 

jprecipitating arsenic in the biological sludge on meeting treatment objectives. 

3,2.3 UPSET RECOVERY 

The goal of this study was to develop the basis for the design of a fuU scale tieatment 

systiEm that would tieat groundwater extiacted from the WCP site. As stated above, 

nitrification was the limiting reaction in the tieatment of the groimdwater. Due to the 

potential inhibition of various components in the groundwater to nitrification and 

exp^irience tieating simUar coke plant wastewater, it was considered advantageous to 

develop upset recovery procedures as part of this test. 

Two reactor upsets were intentionaUy initiated by different causes (pH contiol faUure 

and aeration faUure) so that recovery procedures could be developed and tested. The 

oljjective of these tests was to vaUdate the efficacy of an upset recover}' procedure. 

3.3 TERTIARY ARSENIC TREATMENT 

Witli trie discovery that pre-tieatment of groundwater for arsenic was not required to 

ac:hi(?vi3 complete and consistent nitrification, tertiary tieatment of cu-senic became an 

option for meeting arsenic removal objectives. Various chemical precipitation and 

absorption methods were evaluated for removal of arsenic from biologicaUy tieated 

groundwater. The objective of this portion of the study was to evaluate several options 

for past-biological tieatment arsenic removal so that the most cost (^fective means of 

arsenic removal could be determined during system design. 
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4.0 PROCEDURES 

4.1 ARSENIC PRETREATMENT 

ITie foUowing procedure was used to evaluate the removal of arsenic from raw 
gjOLtndwater: 

1. 1 Utie of composite sample was mixed with 1,000 mg of humates 
(MICROHUMATE, Mesa Verde Resources, Rio Rancho, NM). Then 60 mg of 
ferric sulfate was added during vigorous mixing. FinaUy, 30 mg (Test 1), 40 mg 
(Test 2) or 50 mg (Test 3) of hydrogen peroxide was added and the mixture was 
stirred for another 60 minutes; and 

2. tieated samples were analysed for TSS, arsenic, phenols, COD, TOC, cyanide and 
thiocyanate. Each test was conducted in tiipUcate and the results were averaged. 

Afte;r determining the appropriate dose of humates and Fenton's reagent the 
pre-treatment of the groimdwater composite batches was conducted at a frequency 
suffinent to provide a steady supply of influent to the SBR's throughout the study. An 
excess of the pre-tieated water was kept at 5°C in closed containers. As the supply of 
pre-tr€!ated water was depleted, freshly pre-tieated water was added to the same 
containers to maintain a supply pre-tieatment groundwater for the biological system in 
SBR2. 

4.2 BIOLOGICAL NITRinCATION OF GROUNDWATER 

4.2.1 SEQUENCING BATCH REACTORS (SBR) 

The leatment system used in this study consisted of two working reactors (SBRl and 
SBR:?) and one back-up reactor (SBR3). The SBR is an activated sludge, periodic process 
used for the biological tieatment of water and wastewater. Reactor based periodic 
s}'steQ-5 provide for the time sequencing of two or more processes or operations 
(e.g. eiquaUzation, biological tiansformations, and clarification) dioring a complete 
reac'rDr cycle. Each cycle may include up to four periods (i.e., FILL, REACT, SETTLE, 
and DIL^W). 

During FILL, wastewater enters a partiaUy fiUed tank containing acclimated biomass. 
Aercibic or anaerobic reactions can be initiated during FILL by providing either aeration 
or onl)' mixing. FiU continues untU the tank reaches its predetermined operating Uquid 
level. The reactions initiated during FILL are continued during REACT. The time set 
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aside for REACT must be sufficient to aUow the desired effluent requirements to be met. 
AitiT REACT, the biomass is aUowed to SETTLE quiescentiy for a predetermined period 
of time by shutting down the mixing and aeration equipment. Tlie tieated, clarified 
effl ..ent is then removed during DRAW. 

A si.hematic of the reactor setup is presented on Figure 4.1. Photographs of the reactors 
witlv C.U associated equipment and contiols are presented in Appendix B. 

4.2.:2 SBR CONTROLS AND MONITORING 

Eac::( working reactor (SBRl and SBR2) was equipped with a mixer, an aeration system, 
a h(.>ater and a pH probe cormected to a pH contioUer. Each reactor had a dedicated 
influent and effluent tank and separate peristaltic pumps for influent supply and 
effluent coUection. AU operations of peristaltic pumps, the mixer and aerators were 
controUed by timers. 

Rea îtor SBR2 was also equipped with a copper coU cormected to a potable water supply 
during the later stages of the study. This arrangement permitted gradual decreasing of 
tlie reactor temperature to levels lower than ambient laboratory temperatures. 

The back up reactor (SBR3) was equipped with an aeration system to maintain a 
concentiation of dissolved oxygen >5 mg/L. The aeration system also provided mixing 
of tiie reactor contents. 

AU -bee reactors had a working volume of 15 Uties, which was maintained during the 
entire study. Any loses of water due to evaporation were compensated by the addition 
of ai^rated potable water. 

InititiUy, the pH of the working reactors was monitored manuaUy and adjusted with tiie 
add I don of 5 percent soda ash (Na2C03) solution. Later SBRl and SBR2 were equipped 
uitl'i ]3H contioUers (Cole-Parmer, Model 5625) that also used 5 percent soda ash 
solution for pH adjustment. 

E)u£! tc the high concentiation of soUds in the reactors the pH electiodes cormected to the 
controllers were cleaned every day and caUbrated using standard pH solutions. 

pH iioiitioUer operation was checked manuaUy, at least 3 times a day with a laboratory 
pH ineiter (ThermoOrion Model 58804). When significant differences (>0.5 ) between the 
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pH meter and contioUer were found the contioUer electiode w^as removed, cleaned and 

rticalilirated. 

Dis.^olved oxygen concentration (DO) was monitored manuaUy, at least two times a day 

witti a YSI Model 55 DO meter. After March 17, 2003, the DO was monitored at least 

thref! times a day. The meter was caUbrated daUy against the air concentiation of 

oxy]?e]i and caUbrated with aqueous standards every month. The DO concentration in 

the leactors was maintained >2.0 mg/L. When lower concentrations were observed 

(particularly during feed cycle) additional air pumps were connected. 

The imimonia concentiation in aU three reactors was monitored using an 

amn.onia/ammonium selective electiode (ThermoOrion). The electiode was caUbrated 

dailv using standard ammonia solutions. 

InitiaiUy, samples of mixed Uquor from the reactors were also coUected and sent to an 

analytcal laboratory. The results of laboratory analyses were correlated with the 

amn'orda selective electiode readings. It was determined that the difference between 

the fjnmonia selective electiode readings and the laboratory results for SBRl Mixed 

Liquor was a maximum of 10 percent (see Appendix C). Consequentiy, daUy 

mon: toring of ammonia in the reactors was conducted using the selective electrode. In 

addjiion, a composite sample of the tieated effluent from each new batch of 

grou: ndwater was coUected and analysed for TSS, VSS, ammonia, TKN, nitiate, sulfate, 

COD, TOC, DOC, phenols, cyanide, thiocyanate, and arsenic. 

The accUmatization of SBR's was performed by feeding SBRl with raw and SBR2 with 

pre-i;reated groundwater. A third SBR (SBR3) was fed raw groundwater and operated to 

maintain active nitrifying sludge for use as a seed when needed. 

In SBF:l and SBR2, mixed Uquor temperature, p H and DO were maintained at 30°C 

(-80-F I, 7.5 and >3mg/L , respectively. Mixed Uquor temperature in SBR3 was not 

maintained but was recorded and was typicaUy in the range 20 - 23°C. The pH and DO 

in SBR3 were maintained at 7.5 and >2 mg /L respectively. 

Biokinatics measurements were conducted regularly (twice a week or sometimes every 

da}') from July through the end of the study in October to better monitor and 

und«?r5tand biological processes in both reactors during and after the FILL period. The 

measurements included DO readings and ammonia analyses. Since each ammonia 

analyses required 25 mL of mixed Uquor, the analyses could not be done too frequently 

to maintain adequate biomass. These measurements were used to monitor biomass 
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acti'dty, particularly when changes of operating parameters were implemented. They 

were also important for monitoring the biomass recovery after upset. 

4.2. ̂  INITIAL ACCLIMATIZATION USING DOFASCO SLUDGE 

AccJirnatization of the Dofasco sludge was conducted between January 13 and 

Febmary 5. 

Initially, approximately 10 Uties of seed sludge (returned activated sludge) from the 

DOFASCO coke wastewater tieatment plant was mixed with 5 Uties of potable water, 

pla<::ed in aU three reactors (SBRl, SBR2, and SBR3) and aerated. The temperature of the 

mix(;d Uquor in reactors SBRl and SBR2 was maintained at 30°C (~80°F) using 

subtm^rsible heaters. Reactor SBR3 was not equipped with a heater and the temperature 

of tlie mixed Uquor in this reactor was approximately 23°C. 

SBRL started operating on January 13 and was fed raw groundwater. SBR2 started 

operation January 18, 2003 and was fed groundwater pre-tieated for arsenic removal. 

Initiidly 500 mL of groundwater were added to the SBR's. Groundwater was also added 

to reactor SBRS starting with 10 mL on January 13. 

The SBRs achieved nitrification but their nitrification activity was unacceptably low. 

The lew nitrification rate was likely due to the fact that the Dofasco reactor was in the 

initial stages of upset when the sludge for the SBR start-up was coUected. On 

Febi-uiuy 7, 2003, it was therefore decided to start again with fresh sludge from a 

wastewater tieatment plant at US Steel's Clairton works. 

4.2.4 ACCLIMATIZATION USING CLAIRTON 
COKE WORK'S SLUDGE 

The acclimatization using Clairton Coke Works sludge is presented in three parts. 

Parte A and B describe initial acclimatization at 5 days HRT, whUe Part C describes 

accli:Tiatization at 7.5 days HRT. Parts A and B provided valuable information 

re^gaiding the most appropriate procedure for acclimatization of tiie biomass. 
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4.2.4.1 PART A; FEBRUARY 9 TO 19,2003 

ITie sludge from Qairton Coke Works was received on February 8,2003. 

The sludge had 3.6 mg /L of ammonia and 56 mg/L nitiate. ITie vitaUty of the 

microorganisms, as examined under a microscope, was considered to be high and 

satiefcictory. 

SBRl and SBR2 were fUled with undUuted sludge whUe SBR3 had 10 L of sludge and 5 L 

aerated potable water. Acclimatization in reactors SBRl and SBR2 started on February 9, 

200:? wnih aeration and warming to 30°C. 

Starting on February 11, 2003, both reactors were fed 3,000 mL per day to achieve an 

HRT of 5 days. In order to start acclimatization with a very low ammonia loading but a 

con.'jtant HRT, feed to the reactors was created by dUuting raw or pre-treated 

groimdwater into aerated tap water. SBRl first received feed consisting of a mixture of 

2700 mL of aerated tap water and 300 mL raw groundwater. The feed to SBR2 was a 

mixture of the same ratio but raw groundwater was replaced by pre-treated 

groimdwater. 

SBR3 lirst received a feed of 100 mL of raw groimdwater mixed with 300 mL of water on 

Febi-uiu-y 11, 2003. 

The ratio of groundwater (raw or pre-tieated as appropriate) to tap water w^as changed 

so as to graduaUy increase the ammonia load on the reactor with a constant HRT of 

5 davs. The ammonia load on the reactors was only increased when the ammonia 

concentration in the reactor at the end of a REACT period w^as <3 mg/L . The mixed 

Uqu:ir temperature, pH and D.O were maintained around the desired level of 30°C, 7.5 

and >3.0 mg/L, respectively. 

The feed was pumped into the reactors taking 18 hours in 6 feeding cycles (one-hour 

FILL and 2 hours REACT) with orUy one SETTLE and DRAW period per day. The mixer 

and aerator were both turned off during the SETTLE and DRAW period to aUow the 

s]ud;;e to settie before the supernatant was decanted. 

On ]-ebruary 19, both reactors experienced total nitrification upset and feed to SBRl and 

SBRi: \vas stopped. 
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Reactor SBR3 did not experience an upset and groimdwater feed to this reactor was 

slovv 1}-̂  increased to 300 mL/day mixed with 250 to 400 mL of tap water. The tap water 

v/a;5 added to compensate for evaporation in the SBR. 

4.2.4.2 FART B: FEBRUARY 20 TO MARCH 13.2003 

During this period steps were taken to revive SBRl and SBR2 to restore the nitrification 

activities to pre-upset conditions. Simultaneously, steps were taken to upgrade the SBR 

con1;"ol arrangement to avoid future nitrification upsets under simUar conditions. 

Treatrnent system upgrade: 

1, Both reactors were equipped with pH contioUers. 

2, Each reactor was equipped with two independent aeration systems (air pumps 

and diffusers). 

3, Each reactor was equipped with two electric heaters. 

4, A night shift operator was added to check the system operation and monitor pH, 

DO and ammorua concentiation in aU three reactors. 

Nitiification Recovery: 

SBRl and SBR2 were washed with 3000 mL of aerated tap water daUy from February 19 

to March 3, 2003 to lower the toxicity in the reactors due to the presence of a high 

amnioma concentiation in the mixed Uquors and to revive nitrification. The procedure 

for i^-^ashing the biomass consisted of dUuting the mixed Uquor (ML) with a specified 

volume of aerated tap water, aUowing the biomass to settie, and then decanting the 

same \'^olume of clarified mixed Uquor. In addition, about 300 mL of ML of biomass 

fron-L SBR3 was also added daUy to SBRl and SBR2. 

Duriiig the same period the MLTSS in the SBRs was considered to be too high and was 

lowered to prevent possible sludge settling problems. The foUowing procedure was 

impl«;mented to reduce the MLTSS in the SBRs: 

1. 3000 mL of mixed Uquor (ML) was removed from SBRl and SBR2; 

2. The removed ML was tieated with 10 m g / L of ferric chloride and 5 m g / L 

anionic polymer (FL-9, Dearborn, Mississauga, ON); 
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3. Settled sludge from the 3000 mL mixed Uquor samples from SBRl and SBR2 were 

added to SBR3, whUe supematants were returned to SBRl and SBR2 

respectively; and 

4. 100 mL of ML from SBRl and SBR2 were wasted daUy. 

This procedure reduced tiie MLTSS in SBRl and SBR2. 

Feet: ing was restarted on March 4,2003 with 200 mL groundwater and 2,800 mL aerated 

tap water. This was increased to 300 mL groundwater and 2,700 mL aerated tap water 

on March 5,2003 and remained at this level untU March 14,2003. 

4.2.4.3 PART C: MARCH 14 TO APRIL 1,2003 

Base?d on data coUected from the Dofasco sludge and Parts A and B, a more conservative 

accl.matization procedure was adopted to avoid the possibiUty of further nitrification 

upsets. The volume of feed added to SBRl and SBR2 was reduced to 2,000 mL per day 

so dial: the HRT was increased to 7.5 days thus reducing the ammonia loading. The feed 

was stUl a mixture of groimdwater or pre-tieated groundwater and aerated tap water. 

The amount of groundwater in the feed was increased only when the final ammonia 

concentiation in the reactor was <1 mg/L. The mixed Uquor temperature of 30°C, a pH 

of 7.!), and the same SBR cycle were used. 

The teed during this period started with 400 mL of groundwater mixed with 1600 mL of 

aerated tap water. The proportion of groundwater in the feed was slowly increased. It 

requ:red 20 days (3/13 to 4/1) for SBRl and 17 days (3/13 to 3/30) for SBR2 to achieve 

2000 mL of raw feed per day with continued complete nitrification. A lag time of about 

3 da}'s, for increasing the groundwater ratio in the feed between SBRl and SBR2 was 

deUberately maintained to avoid the possibiUty of nitrification upset occurring 

simultaneously in both SBRs due to increased ammonia loading. This was done so that 

slud[;e from the normaUy operating SBR could be pumped to the upset SBR, to stimulate 

quick recovery. 

4.2.5 STEADY STATE OPERATION (APRIL 2 TO MAY 26,2003) 

Aftet the SBR's demonstiated complete nitrification at an HRT of 7.5 days. SBRl was 

operated for an additional 7 weeks with aU operating conditions fixed. SBR2 was 

operated for an additional 9 weeks with aU operating conditions fixed. This was done to 
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ensure that the SBR's could demonstiate consistent and complete nitrification for an 

ext(?nded period of time. The coUected data provided a baseline for designing the 

fuU-scale system. 

A computer program run with input of groundwater COD, TKN, cunmonia and SCN 

loatmig at 7.5 days HRT and 100 days SRT estimated that the mixed liquor TSS of such a 

sysi:ern should be approximately 2000 mg/L. This MLTSS was deemed too low to 

achie '̂̂ e consistent nitrification with groundwater containing 1000 m g / L TKN in the fuU 

scale system. Therefore, powdered activated carbon (PAQ was added to the SBRs 

beti'^een AprU 7 and AprU 11 to increase the MLTSS. The activated carbon would 

proA'ide a surface on which the microbes could adhere, thus increasing the concentration 

of microbes in the SBR. It was therefore decided that the system should be operated 

witl" periodic PAC addition so that mixed Uquor TSS was maintained at an average 

concentiation of 8000 mg/L. 

Sludge wasting of about 100 mL/day was started during this period to maintain a soUds 

retention time (SRT) of 100 days. Between sludge wasting and PAC addition, an SRT of 

100 days was maintained. 

4.2.(i OPTIMIZATION OF SBR OPERATION 
(MAY 27 TO OCTOBER 17) 

FoUviv/ing achievement of complete and consistent nitrification at an HRT of 7.5 days, 

experiments were undertaken to optimize the SBR tieatment system. Optimization 

exp(;riments focused on changing those parameters that would have the greatest effect 

on the' cost of construction and operation of a fuU scale SBR system. These included 

r(;ductions in HRT, decreased FILL period, decreased temperature, and elimination of 

arsenic pre-tieatment. 

m 4.2.61 OPERATION AT 5 DAYS HRT. 30°C AND SIX CYCLES PER DAY 

Thi.s experiment started with both SBRs receiving 2100 mL of {groundwater (raw 

groimdwater for SBRl and pre-tieated groundwater for SBR2) mixed with 900 mL of tap 

wati^r at a mixed Uquor temperature of 30°C, a pH of 7.5 and at the same operational 

»:, stratiegy (i.e., 18 hours of alternating 1 hour aerated FILL foUowed by 2 hour aerated 

REi^.CI, 1 hour and 40 minute SETTLE, and a 4 hour and 20 minute DRAW). SBRl 

received its first 2,100 mL feed on May 27. SBR2 received its first 2,100 mL feed on 

Ma. 29. 
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ITie ratio of groundwater in the feed was slowly increased. On June 2, SBR2 began 

recenving 3000 mL of raw groimdwater and on June 6 SBRl began receiving 3000 mL of 

pre-treated groundwater. As used in the previous period, a lag time of about 3 days, for 

incieasing the groundwater ratio in the feed between SBRl and SBR2 was deUberately 

maintained, to avoid simultaneous upsets. 

Botlv SBRs achieved complete and consistent nitiification during the 5 day HRT period 

of op(;ration. Both SBRs were operated at 5 days HRT with the feed containing no 

dUuiion water, with other operating conditions unchanged, until June 11, 2003. 

4.2.(i.2 OPERATION AT 5 DAYS HRT AND 3 CYCLES PER DAY 

Lfp tD this point, the SBRs were operated with 6 - 3 hour cycles of 1 hour of aerated FILL 

and 2 hours of aerated REACT. The operational stiategy was modified in stages to 

reduce! the number of cycles from 6 to 3. The operational stiategy with three cycles per 

day ccnsisted of a 1 hour aerated FILL foUowed by a 5 hour aerated REACT. The 1 hour 

40 minute SETTLE and 4 hour 20 minute DRAW period at the end of each day were 

maii-.titined. 

The rhanges in operational strategy were appUed to both SBRl and SBR2. In addition, 

the temperature of SBR2 was slowly lowered from 3000 to 25^0 at a rate of 1 degree 

reditrtion every 2 to 3 days. The temperature reduction was implemented over the 

periijd June 26 to July 5. Between August 5 and August 25 the temperature of SBR2 was 

fiirther reduced to 19°C. 

SBR 1 ̂ vas then operated with Uttie change untU August 17. During this time, SRT was 

maintcined at around 75 days by wasting and MLTSS was contioUed around 

8,00C rng/L by activated carbon addition. The arsenic concentration was monitored 

with the sludge and the tieated effluent. Effluent samples were saved for arsenic 

remcval experiments described in Section 4.3.3. 

SBKl Vk̂ as operated with Uttie change until July 28. 

It should be noted, that on July 5*, SBRl experienced a pH increase up to 9.6 because of 

a pH probe faUure. The pH excursion caused a reactor upset. The reactor was aUowed 

to recover without intervention for ten days at which time it had not fuUy recovered to 

pre-i;pset reaction rates. Mixed Uquor (1 Uter) was tiansferred from SBR2 to SBRl to 

faci1:.:ate recovery. 
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4.2.6.3 OPTIMIZATION EXPERIMENTS IN SBRl: 

4.2.() .3.1 EFFECTS OF FERRIC CHLORIDE ADDFIION FOR ARSENIC 
REMOVAL (AUGUST 17 TO SEPTEMBER 12) 

Ferric chloride was added daUy to SBRl starting with a dose equivalent to achieve 
li3 mg/L in the reactor. The daUy ferric chloride dose was increased by 10 mg/L 
app:ro:dmateIy every week up to a dose of 80 mg/L to investigate the effect of ferric 
cMoiide on effluent arsenic concentiations. SBRl was then dosed with 40 mg/L ferric 
cliloiiiie for the remainder of the study. 

4.2.6 3 2 UPSET RECOVERY (SEPTEMBER 13 TO OCTOBER 3) 

The rii'st upset simulated the conditions at a plant when an aeration equipment faUure 
occu.-s with aU other equipment working properly. To investigate the worst case 
scenario, aeration in SBRl was discontinued for 14.5 hours, a relatively long period of 
time, cm September 23 whUe the reactor experienced 2 FILL periods. Such a situation is 
unUli ely to occur in a fuU-scale system because a PLC should activate an alarm based on 
equipment faUure, ammonia and/or DO measurements. 

Aftei the biomass in SBRl totaUy recovered the temperature of the mixed Uquor was 
gradiiciUy lowered to approximately 22°C. When biokinetics measurements confirmed 
the .:nunorua removal rate was simUar to that before the upset, another upset was 
induced. 

For tirw! second upset, sodium hydroxide solution was added to raise the pH to 11.4 on 
September 29. Since the pH contioUer was set up to adjust an acidic pH the system 
o]7erated at this elevated pH for almost 12 hours prior to corrective measures being 
implemented. 

4.2.6.3.3 HRT AND TEMPERATURE REDUCTION (OCTOBER 4 TO 17) 

TJie "clume of feed to SBRl was increased to 5,000 mL per day of raw groundwater in 
Older 1:0 achieve an HRT of 3 days. Once a 3 day HRT was achieved and continued 
com]:ilete nitiification confirmed, the temperature in SBRl was reduced to 19°C. 

13023(10) 19 CoNESTOGA-RovERS & ASSOCIATES 



4.2.6.4 OPTIMIZATION EXPERIMENTS IN SBR2: 

4.2.6.4.1 TEMPERATURE REDUCTION (TULY 26 TO SEPTEMBER 5) 

The temperature of SBR2 was slowly lowered from 25'C to 19oC at a rate of 

appto:dmately 1 degree every 3 days. Once two series of biokinetic measurements were 

colltjcted at 19^0, the temperature of SBR2 was returned to 30^0 in 24 hours. 

4,2.6 4.2 TEMPERATURE REDUCTION AND FERRIC CHLORIDE 
ADDITION (SEPTEMBER 6 TO OCTOBER 7) 

The temperature of SBR2 was slowly lowered fiom 30'KI to 230C at a rate of 

app]-3:dmately 1 degree every three days. SBR2 also began to receive a daUy ferric 

cliloride dose of 40 mg/L. The addition of ferric chloride is further described in 

SectiDn4.3. 

4.2.6.4.3 ANOXIC n L L AND HRT REDUCTION (OCTOBER 8 TO 17) 

The operational stiategy for SBR 2 was modified such that the there was no aeration, 

onl}' mixing, during FILL. This was evaluated for 4 days prior to increasing the volume 

of raw groundwater fed to the reactor in order to lower the HRT to 4 days. SBR2 

operated at a temperature of 23^0 during this period. 

4.2.7 OTHER TESTS 

4.2.7.1 RESPIROMETRIC TESTS 

Two respirometric tests were conducted during the study. The purpose of these tests 

was to determine biological oxygen uptake of the biomass during a cycle. 

Resp jometric tests were conducted using the Comput-OX respirometer manufactured 

by >'-(rON Systems, Larchmont, NY. A description of the system and a detaUed 

procfdure are presented in Appendix E. 
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4.2.7.2 SETTLING TESTS 

ITie- purpose of sludge settling tests was to determine the settling time required to obtain 

good quaUty effluent (TSS <50mg/L) and a proper design of a fuU-scale tieatment 

syst:em. 

Two settling tests were conducted using a LG-5601 MaUory Direct Reading Settiometer. 

In addition, measurements of sludge level in both reactors, after settling were also 

contlvicted. 

4.3 FATE OF ARSENIC IN THE BIOLOGICAL SYSTEM AND 
TREATMENT ALTERNATIVES 

One: of the expectations for the groundwater remediation system is a reduction in 

arsemc concentiation at the base of the aquifer. To achieve this goal, arsenic wUl need to 

be reraoved from the extiacted groundwater prior to re-injection. Several experiments 

were undertaken to evaluate the fate of arsenic in the biological reactors, with and 

witiiout iron addition and to evaluate tertiary tieatment options for arsenic removal. 

4.3.1 FATE OF ARSENIC WITHOUT IRON ADDITION 

SBRl was fed with raw groundwater and SBR2 was fed with pre-treated groundwater 

during the initial phases of the study until July 2. After July 2 both reactors were fed 

witii ]:aw groundwater. Data was coUected on the influent, effluent, and sludge 

concentrations of arsenic two times per week from June 2 through July 17 to determine 

the I'ate of arsenic in the biological treatment system. 

During this period, it was noticed that the mass of arsenic in the effluent and the sludge 

could not account for the entire mass of arsenic entering the reactors. It was suspected 

«t that volatilization of methylarsenic compounds may account for the remaining mass of 

arsenic. Therefore, an experiment was undertaken to determine if arsenic was being lost 

due i:o volatilization. 
i i 

5(30 rtiL of settied sludge, coUected from both reactors was placed in a 1 L - flask 

^ equi]5j)ed with an aeration system at the bottom and connected to an impinger with 

100 cnL of absorbing solution (0.1 percent solution of ferrous sulfate and 0.05 percent 

hydrogen peroxide at pH 3.5 adjusted with sulphuric acid). 
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The; sludge in the flask was slowly aerated for 10 hours and aU off-gases passed through 

the absorbing solution. The test was conducted in tripUcate for different air flows: 

50 mL/min , 100 mL min, and 200 mL/min. 

Sluilge samples as weU as impinger solutions were analysed for arsenic before and after 

the tests. 

4.3..1. ARSENIC REMOVAL BY FERRIC CHLORIDE 
ADDITION IN THE SBR 

As ]: resented above, ferric chloride was added to both reactors to evaluate the efficacy of 

irori precipitation of arseruc within the biomass. Ferric chloride addition began on 

August 18 for SBRl and September 1 for SBR2. The ferric chloride dose to SBRl was 

started at 10 m g / L and increased to 80 m g / L to evaluate the effects of ferric chloride 

dos;;ge on arsenic removal. For the final month of the study, 40 mg /L of ferric chloride 

(detiirmined to be tiie optimal dose) was added daUy to both reactors to evaluate the 

long term effects of ferric chloride addition. Influent, effluent, and sludge samples were 

analy/;ed for arsenic during this period. 

At f tie end of the study, sludge samples from both reactors were coUected and evaluated 

for hazardous waste characterization using the toxic characteristic leaching protocol 

(TCLP). 

4.3.3 TERTIARY ARSENIC TREATMENT 

As presented earher in this section, it was determined that pre-tieatment of the 

groundwater for arsenic was not required in order to achieve complete and sustained 

nitiification for arsenic concentiations up to 11 mg/1, the maximum concentiation 

expe^rience in this study. Therefore, additional experiments were undertaken to evaluate 

tiie following approaches for the removal of arsenic from the SBR effluent. 

precipitation with ferric chloride; 

[)recipitation with ferrous sulfate; 

[)recipitation with ferrous sulfate and humates; 

Fenton's reagent tieatment with humates at a pH of 7.4; 

['enton's reagent tieatment at a pH of 3.5; and 

.; cdvated alumina adsorption. 
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'Ih(? effluent samples for these experiments were coUected separately from both reactors 
(5ver two weeks and stored at 5''C before the tests. The concentiation of arsenic in these 
sanrples was 5.3 mg/L (SBRl effluent) and 2.6 mg/L (SBR2) effluent. 

AU oJ- the tertiary arsenic tieatment experiments were completed by placing 100 mL of 
effluent into a beaker that was equipped with a magnetic stirrer. The effluent samples 
were stirred and the chemicals were added at varying dosages. The solution in the 
bealcer was stirred for 30 minutes and then suspended soUds were aUowed to settie 
quiescently. Samples of the clarified solution were then coUected for analysis. 

• i 
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5.0 RESLILTS 

5.1 ARSENIC PRETREATMENT 

ITie rt!sults of the arsenic pre-tieatment experiments are presented in Table 5.1. 

The results indicate that the previously developed pre-tieatment method can achieve 

treamient objectives for arsenic removal from the representative groundwater. The 

treaiment using 50 mg /L hydrogen peroxide removed 90% of the arsenic, 90% of the 

cyairide, 18% of the thiocyanate and 18% of phenols from the representative 

gToi: ndwater. 

This treatment (50 mg /L hydrogen peroxide) was then appUed to aU 11 batches of 

representative groundwater that were used to feed biological reactor SBR2. Samples 

fron:. each batch of pre-tieated groimdwater were analysed for pH, TSS, VSS, COD, 

TOC, DOC, phenols, arsenic, ammonia, nitiate, cyanide, and thiocyanate. A summary of 

analytical results for these batches is presented in Table 5.2. Initial and pretieated 

analytical results for aU individual batches are presented in Appendix D. 

Comparing the raw and pre-tieated results for arsenic in Appendix D indicates that 

Fenton's reagent tieatment of groundwater achieved an average of 76.5 ± 13.5% removal 

of ai-senic from WCP groimdwater with an initial arsenic concentration in the range of 6 

to 10 mg/L. 

The se'ttled soUds from the pre-tieatment were separated from the treated Uquor by 

sedimentation. As the soUds settied weU, organic flocculent w^as not required to achieve 

soUds separation. Settling tests, for selecting the size of a clarifier in a fuU scale system, 

wer<? considered unnecessary. 

5.2 ACCLIMATIZATION 

5.2.1 ACCLIMATIZATION USING DOFASCO SLUDGE 
(JANUARY 13 TO FEBRUARY 5) 

Reac :ors SBRl, SBR2, and SBR3 were initiaUy seeded with activated sludge from the 

DOF A:3CO coke wastewater tieatment plant. A summary of analytical data and 

operational parameters for each of the three reactors is presented in Tables 5.3, 5.4, and 

5.5. 
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Realtors SBRl and SBR2 were fed periodicaUy with smaU (500 mL to 650 mL) amounts 

of raw and pretieated groundwater on five occasions between January 13 and 

January 31. Reactor SBR3 was fed daUy with raw groundwater starting at 10 mL/day 

and increasing as indicated in Table 5.5. 

The nitiification performance of these reactors, as indicated by the ammonia 

concentiations in Tables 5.3, 5.4, and 5.5 was unacceptably slow amd operation with 

DOF/>LSCO sludge was discontinued. A possible cause of the unacceptably low 

nitiification rate may have been the stiessed state of the biomass when received. It was 

detennined that future start-up operations would include: 

• undUuted biomass; 

• confirmation of biomass good health; and 

• diluted feed. 

5.2.:2 ACCLIMATIZATION USING CLAIRTON COKE WORKS SLUDGE 

This section describes acclimatization using Qairton Coke Works Sludge to seed the 

SBF.s with microbes. As described in Section 4.2.4, the acclimatization was conducted in 

three parts. Summary tables of data are referenced throughout the foUowing discussion. 

A hating of data that is based on the Qairton Coke Works Sludge as seed is presented in 

Appendix E. 

Part A (February 9 to February 19) 

From February 9 to February 19, the HRT in reactors SBRl and SBR2 was initiaUy 5 days 

and tiie feed (3000 mL per day) was a mixture of 2700 mL of aerated tap water and 

300 mL groundwater. The content of the groundwater in the influent to both reactors 

was gr-aduaUy increased to 1000 mL over 7 days. 

The feed was pumped into the reactors during 18 hours in 6 feeding cycles (one-hour 

aera1e>l FILL and 2 hours aerated REACT). Analytical data and operational parameters 

for :5BR1, SBR2, and SBR3 for Part A are presented in Tables 5.6, 5.7, and 5.8, 

r«?spectively. TKN load and effluent ammonia concentiations are presented graphicaUy 

against time on Figures 5.1 and 5.2, respectively. Note that TKN load on the figures is 

presorted in mg/day whUe TKN load in the tables is presented in mg /L of mixed 

liqucir. Multiplying the TKN load in the tables (mg/L) by the 15L volmne of the reactors 

conveits the TKN load in (mg/L) to TKN load in (mg/day). 
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During the first 8 days, the concentiation of ammonia in the effluent from SBRl and 

SBR2 decreased from 3.2 mg/L on February 9 to 0.15 mg /L in SBRl and 0.3 m g / L in 

SBR2 on February 17. At the same time, the concentiation of nitiates increased from 

56 m g / L to 120 m g / L in SBRl and 110 mg /L in SBR2 indicating nitiification was 

occurring. 

When the groundwater content of the feed increased to 1000 mL (February 18) the pH 

became unstable and fluctuated despite manual adjustment by the addition of a soda 

ash solution. At times during the period February 18 to 19, the SBRs experienced pH 

condidons <6.5. On February 19, both reactors experienced total nitrification upset, 

likely as a result of the unstable pH. The groundwater feed was discontinued. 

Rea c tor SBR3 did not experience an upset and continued to be fed diiUy with 300 mL of 

raw groundwater. The mixed Uquor from this reactor was later used to seed SBRl and 

SBR:1 during their recovery from upset. 

Part B (February 20 to March 12) 

From February 20 to March 5, SBRl and SBR2 were washed with aerated tap water to 

decrease the ammonia concentiation in the mixed Uquor and stimulate nitrification. In 

addition, about 300 mL/day of biomass from SBR3 was added to SBRl for 4 days and to 

SBR2 for 5 days. Once the ammorua concentiation in the effluent decreased below 

1 mj?/L, the feed was re-started. On March 4, SBRl was fed with a mixture of 200 mL 

raw g]-oundwater and 2800 mL aerated tap water whUe SBR2 was fed with a mixture of 

200 tnL pre-tieated groundwater and 2800 mL aerated tap water. 'Ibis feed rate was 

increased to 300 mL groundwater mixed with 2,700 mL aerated tap water and continued 

at tiiat rate untU March 12. A summary of operational parameters and analytical data 

for the influents and effluents is presented in Tables 5.9 and 5.10. 

TKN load in mg/day and NH3-N concentiation in the effluent for this acclimatization 

perii:d are presented on Figures5.3 (SBRl) and 5.4 (SBR2). The figures Ulusfrate the 

recov'ery of nitrification in both reactors using a combination of sludge washing and 

S6!eding from SBR3. The results of this recovery were used to develop the upset 

reicoA'ery procedure tested at the end of the study. 

Part C (March 13 to April 1) 

Durijig P a r t e , as described in Section4.2.4.3, a more conservative acclimatization 

strategy was implemented that included an initial increase in the HRT to 7.5 days. 
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IDuting this operating period, the daUy load of TKN to SBRl and SBR2 increased from 

315 nrig/day to 1575 mg/day (21 m g / L to 105 mg/L in the mixed Uquor). The average 

effluent NH3-N concentiation from SBRl was 0.4 ± 0.6 m g / L and from SBR2 was 0.5 

zzl.l: rng/L during this period. Operational parameters and analytical data for reactors 

SBRl and SBR2 are presented in Tables 5.11 and 5.12, respectively. On March 18, 

con.sL'itent with the tieatment system upgrade described in Section 4.2.4.2, a night shift 

begiiri operation and three readings of operational parameters are presented for each 

dav 

TKI'I load in mg /day and NH3-N concentiation in the effluent are presented on 

Figi;res 5.5 (SBRl) and 5.6 (SBR2). On March 26, high ammonia concentiations in SBR2 

resulted in the feed being stopped before the fuU feed was completed. This event was 

quickly tiaced to a faulty pH electiode aUowing the pH to drop, residting in temporary 

inhibition of nitrification. The pH electiode was replaced and the normal feeding 

schedule resumed on March 27. The event was identified and corrected quickly and 

consecjuentiy does not affect the daUy data presented on Figure 5.6. 

A similar event occurred in SBRl on AprU 2. FuU feed resumed on AprU 3. 

5.3 STEADY STATE OPERATION (APRIL 2 TO MAY 26) 

During steady state operation both reactors operated at 7.5 days HRT and at 30°C. SBRl 

was fed raw groundwater. SBR2 was fed pre-tieated groundwater. Operational data for 

this period of the study are presented in Tables 5.13 and 5.14 for SBRl and SBR2, 

respcactively. Results for TKN load in mg/day and NH3-N concentiation in the effluent 

are presented on Figures 5.7 and 5.8 for SBRl and SBR2, respectively. 

The data indicate that in both reactors SBRl and SBR2 robust microbial consortia were 

enriched that could consistentiy meet aU tieatment objectives for organics, phenol, 

thiocyimate, and ammonia. The acclimation procedure and the SBR operating stiategy 

were capable of providing the necessary environment to achieve complete and 

consistent nitrification at 7.5 days HRT and 30°C. 

It is very important to note that both SBRl and SBR2 demonstrated simUar tieatment 

efficiencies even though their influent arsenic levels were significantiy different. 

Therefore, it was concluded that pre-tieatment of groundwater for arseruc is not 

requiresd to achieve complete and consistent nitiification within the range of influent 

arseric concentiations used in this study (i.e., < 11 mg/L). However, in order to 
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evaluate the potential impact of arsenic concentiation on the biolo^^cal system during 

the next stages of the study (reduced HRT, lower temperature and reduction of number 

of cycles), SBR2 was stUl fed with pre-tieated groundwater. 

As acclimatization was progressing MLVSS decreased, particularly in SBRl (MLVSS = 

6400 rng/L). This decrease was the result of loosing mixed Uquor (ML) for ammonia 

and TSS/VSS analyses, which was in excess of the biomass yield. Tliis led to a concern 

that: MLVSS would continue to decrease, as discussed in Section 4.2.5, leading to 

red)-ced reactions rates and difficulties in settling of the biomass. It was determined, 

using a mathematical model of the biological system that an appropriate level of MLVSS 

for the next stage of the study would be 8,000 mg/L. Therefore the concentiation of the 

biomass was graduaUy increased by adding powder activated carbon (PAC), which both 

addtid soUds to the biomass and provided surface area for bacteria to attach. ML soUds 

concentiations were then managed by a combination of PAC addition and daUy wasting 

of ML, 

5.4 OPTIMIZATION OF SBR OPERATION (MAY 27 TO OCH'QBER 17) 

5.4.1 OPERATION AT 5 DAYS HRT. 30°C AND 6 CYCLES PER DAY 

During this stage of the study both reactors were fed with 3000 mL of a mixture of the 

groundwater and tap water. The initial raw groundwater content fed to SBRl was 

200CI mL on May 26 and was graduaUy increased to 3000 mL on June 6. The initial 

pre-treated groundwater content fed to SBR2 was 2000 mL on May 28 and graduaUy 

increased to 3000 mL on June 9. The analytical and operational data for SBRl and SBR2 

for tliis stage of the study are presented on Tables 5.15 and 5.16, respectively. TKN load 

in mg/'day and NH3-N concentiations in the effluent for this period are presented on 

Figin-es 5.9 and 5.10. The data demonstiate that the microbial consortia in both reactors 

could accUmate to the increased organic and ammonia loading of a 5 day HRT whUe 

continuing to achieve complete and consistent nitiification. 

During this period, biokinetic evaluations were initiated. The data from the biokinetic 

expeiiinents are presented in Appendix F. The DO at the end of FILL was typicaUy 

around 2.5 mg/L. The DO increased to greater tiian 80% of the pre-FILL period DO 

within 60 minutes foUowing the end of FILL (DO recovery). The DO recovery roughly 

coincided with the concentiation of ammonia dropping below 1 mg/L. Both the 

arruTionia concentiation dropping below 1 mg/L and DO recovery occurred in less than 

60 minutes after FILL in both reactors. 
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5.4 2 OPERATION AT 5 DAYS HRT, 30°C AND 3 CYCLES 
PER DAY 

5.4:1.1 SBRl 

.\fter reducing the HRT to 5 days the feed rate was increased as described in 
Sseclion 4.2.6.2. A summary of operational data for SBRl operated at 5 days HRT and 
30°(2 is presented in Table 5.17. TKN load in mg/day and NH3-N concentiations in the 
effluent under these operating conditions are presented on Figure 5.11. The 
concentiation of ammonia in the effluent was below 0.1 mg/L at the end of REACT 
desoite increasing the load of TKN in the influent from 1860 mg/day to 2370 mg/day 
(124 mg/L to 158 mg/L in the mixed Uquor). In fact, the ammonia concenfration in the 
effluent decreased from 0.08 mg/L to 0.03 mg/L during this operational period despite 
the increase in arrunonia loading. 

It is also worth noting that during one month of operation, the MLVSS in SBRl 
decreased from 7300 mg/L to 5400 mg/L but the arrunonia concentration continued to 
be reduced to less than 1.0 mg/L in less than 30 minutes (Appendix F). This represents 
an increase in the arrunonia loading rate from 0.017 mg TKN per mg of VSS per day (mg 
TKN/'mg VSS-day) to 0.029 mg TKN/mg VSS-day. The abUity of less biomass to nitrify 
mote ammonia in the same period of time was a result of acclimating the microbial 
c:or.';ortia to 1,000 mL fed over a 1 hour FILL period with 3 cycles per day versus 500 mL 
added over the 1 hour FILL when 6 cycles per day were used. 

Biokinetics evaluations for SBRl (Appendix F) continued to show significant DO sag at 
the end of FILL and DO recovery in less than 60 minutes. The DO recovery continued to 
correlate with the ammonia concentiation dropping below 1 mg/L. 

On Jidy 5, a pH probe faUure caused the pH of SBRl to increase causing an upset. 
Biokinetics data clearly show a smaU DO sag during the initial portion of FILL, so the 
feec was changed to only tap water at 20 minutes into the FILL. Tlie remainder of the 
FILL and REACT showed very Uttie DO sag and very slow nitiification (i.e., 6.4 mg/L 
amcaonia stiU remained after 90 minutes). The subsequent days continued to show this 
IDC profile and high ammonia concentiations that indicated that tine biomass had not 
recc vered. Five days after the upset, the ammonia concentiation was less than 1 mg/L 
cifttT 24 hours but the DO profUe and ammonia profile stUl indicated significant 
reduction in biomass activity. Recovery of the biomass was tiacked over the next 
12(:ays untU the DO at the end of FILL was again approximately 2 mg/L, the DO 
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reti.imed to within 80% of the pre-FILL DO in less than 60 minutes, and the ammonia 
concemtiation was reduced to less than 1 mg/L in less than 60 minutes. 

Evaluation of the data from the SBRl upset recovery aUowed for the definition of 
hee.[tiiy biomass when operating at 30°C. DO at the end of FILL of 2.0 to 2.5 mg/L and 
rec'jvery of the DO to 80% or greater of the pre-FILL DO were determined to correlate 
N̂ ery closely with complete and consistent nitrification. This DC) profile was used 
thrcughout the remainder of the study to evaluate the overaU health of the biological 
system in real-time. Deviation from this profUe correlated with reductions in reaction 
rate. An increasing tiend in the time required for DO recovery was indicative of a 
potc'ntial upset when operating parameters were constant. A decreasing ttend in the 
time required for EKD recovery was indicative of improvement in tiie overaU health of 
the biological system. 

5.4.:L2 SBR2 

Up :o June 26, the operational data and biokinetic evaluations showed Uttie difference 
.iii beti^een the tieatment performance of the microbial consortia in SBRl and SBR2. 

Theiefore, it was concluded that influent arsenic concentiations less than 10 mg/L did 
not iif feet complete and consistent nitrification. Therefore, on June 26, the feed to SBR2 
was changed to raw groundwater and remained raw groimdwater for the duration of 
tiie 5tiidy. 

m 
hi addition to changing the feed rate, as described in Section 4.2.6.2, the temperature of 
the mixed Uquor in SBR2 was graduaUy lowered from 30 to 25°C, befjinning on June 26. 

mm 

Non-contact cooUng was provided by potable water circulating in a copper coU. 

ip Ope]-ational data for SBR2 operated at 5 days HRT and 25°C is presented in Table 5.18. 
Changes in TKN load and ammonia effluent are shown on Figure 5.12. As indicated in 
Table 5.18 and Ulustiated on Figure 5.12, the TKN load was reduced on July 17 and then 

* incre ased on July 23 without creating any substantive change in effluent quaUty 
(Changes in TKN loading were due to variations in feed batches). 

Ml 

The concentiation of ammonia in the effluent was consistentiy below 0.2 mg/L whUe 
TKN load in tiie influent ranged from 1770 mg/day to 2460 mg/day (118 mg/L to 

' ' l(>4rag/L mixed Uquor). At the same time MLVSS ranged from 4900 mg/L to 
660(J mg/L and the ammonia loading rate was relatively constant at 0.024 mg TKN/mg 
VSS-day. 
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Bioldnetics measurements confirmed that the nitiification rate initicUly decreased with 
each temperature decrease (Appendix F). A decrease in the nitrification rate was 
indicated by an increase in the time for DO recovery and the time required for the 
Jtmtnonia concentiation to decrease to 1 mg/L. By the end of this operational period, 
SBR2 was achieving DO recovery and ammonia concentiation of less than 1 mg/L in 
less; tiian 60 minutes foUowing FILL at an operating temperature of approximately 25°C. 

5.4.3 OPTIMIZATION EXPERIMENTS IN SBRl 

j'̂ .s ndicated in Section 4.2.6.2, the reactors were operated with Uttie change through 
Jul}', A rapid FILL (feed) cycle and 5-day HRT were maintained through this period of 
time'. The temperature of SBRl was maintained at 30°C whUe the temperature of SBR2 
was reduced to 19°C over several days. On August 14, a major power faUure occurred 
lasting approximately 7.5 hours. As the SBRs did not receive any feed during this 
periDd they revived fuUy when power was restored. The normal feed cycle resumed the 
next dav. 

5.4.;? .1 UPSET RECOVERY (SEPTEMBER 13 TO OCTOBER 3) 

m 

The temperature in SBRl was graduaUy lowered from 30°C to 21°C over a period of 
5 days in preparation for an induced upset. The reactor temperature was lowered to 

H 21°(;: because results from SBR2 suggested that 21°C would be the lowest design 
operating temperature. It was observed that a relatively fast temperature decrease had 
no impact on the concentiation of ammonia in the effluent, which was <0.1 mg/L during 
this period. 

gl As expected the biokinetic rate (Appendix F) decreased with the temperature from 
0.52 mg NHs-N/min at 30°C to 0.39 mg NH3-N/min at 22°C. At tiie same time tiie DO 
dro]: during the feed cycle was substantiaUy lower at 22°C (~2.2 mg O2/L) as compared 

"* to that at 30*̂ 0 (~4.3 mg O2/L). This phenomenon is consistent with the expected 
deciease in oxygen uptake rate and the expected increase in the oxygen tiansfer rate due 
t(5 tiie higher oxygen solubUity of water at lower temperatures. 

9023 (10) 31 CONESTOGA-ROVERS & ASSOCIATES 



5.4. ?.1.1 INDUCED UPSET #1 AND RECOVERY 
(SEPTEMBER 22 TO SEPTEMBER 25) 

On :5e!ptember 22, to induce the first upset, SBRl was fed twice with 1000 mL of raw 
gjoi-indwater (2000 mL total) without aeration for 13 hours. The mixer was operating aU 
the time except during 100 minutes of SETTLE. The pH contioUer was also operating so 
the pH was kept within the desired range 7.2 to 7.8. 

The operational and analytical data before and after the induced upset is presented in 
Table 5.19. Data during the upset is presented in Table 5.19a. 

As ,; result of this upset the concentiation of ammonia in the mixed Uquor increased 
initialy to 29 mg/L and after a second FILL period to 66.5 mg/L. 

The fcUowing recovery procedure was appUed to this upset: 

1) Temperature increase and aeration 

The fu-st step was to increase the temperature of the mixed Uquor (ML) from 22 to 30°C 
and rum on aeration to activate the biomass. At this time washing also was started. The 
temrierature increase was completed in three hours. 

2) Washing 

The :vlL in the reactor was washed 3 times with 3000 mL of aerated tap water. After the 
add) don of 3(XX) mL of water the ML was mixed and aerated for one hour and was then 
aUov/ed to settie for 100 minutes. 3000 mL of supernatant was dischcirged and 3000 mL 
of m w washing water was added. The procedure was repeated two more times. The 
supernatant, after washing was analyzed for arrunonia. After the ttiree washings, the 
ammonia concentiation in the reactor was less than 1 mg/L. 

3) Seeding 

Onci; the concentiation of ammonia in the ML decreased below 1 mg/L, 3000 mL of ML 
from SBR2 was tiansferred to SBRl. After mixing and aeration 3000 mL of ML from 
SBR I was tiansferred to SBR2. 
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4) Feeding 

Whem the first 3000 mL ML seeding exchange between two reactors was completed, 

SBF'1 was fed with 1(X)0 mL of 50 percent raw groundwater and 50 percent tap water. 

Dur Jig the feed cycle biokinetic measurements were conducted. They indicated typical 

DO decrease during FILL. After FILL was completed the ammonia concentration 

incieased to 8.5 mg /L but over the course of an hour decreased to 0.5 m g / L which 

indicated that the biomass was nitrifying. A second feeding with 50% raw groundwater 

shoiv^ed simUar nitrification results. 

After the second seeding, SBRl was fed with another 1000 mL of a mixture consisting of 

75 p'ercent raw groundwater. Again, biokinetics measurements were conducted and 

sho\/ed that the ammonia concentiation was reduced to less than 1 mg/L, this time 

witiiin two hours foUowing FILL. Within two days foUowing tiie upset, biokinetic 

evaluations had returned to the pre-upset conditions. The detaUed procedure and the 

resu: ts of ammonia, pH, and DO measurements are presented in Table 5.19a. 

In addition to biokinetics measurements, three samples were coUected and sent to Agat 

Laboratory in Mississauga, Ontario for Microtox analyses. These ML samples were 

coUected immediately after the upset, after the third washing, and after the first seeding. 

The ;-esults of these analyses are presented in Appendix G. 

Siim]?les of the effluent before and during the upset were also coUected and analysed for 

amnvonia, COD, DOC, pH, phenols, thiocyanate, TKN, total cyanide, TOC, TSS, arsenic, 

nitiiite and suUate. Results of these analyses are presented in Table 5.20. A comparison 

of tiie data for the effluent before and after the upset indicates that the upset mostiy 

affected removal of ammorua and thiocyanate. NH3-N was 0.05 mg /L (TKN <0.2 mg/L) 

before and 59 m g / L (TKN 170 mg/L) after upset and thiocyanate was 2.8 mg /L before 

and 10 mg /L after upset. 

The uj)set had much less impact on the removal of the organic load expressed as COD 

(120 m g / L before and 150 mg/L after) and TOC (44 m g / L before and 46 mg /L after). 

5.4.3.1.2 INDUCED UPSET # 2 AND RECOVERY 

On Se])tember 29, the second upset was initiated in SBRl by adding sodium hydroxide 

during FILL (1000 mL of raw groimdwater added during FILL) to increase the reactor 

pH to 11.4. This resulted in a substantial increase in the mixed Uquor ammonia 
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concentiation to 46.3 mg/L. At the same time intense foaming was observed in the 

realtor, which is an indication of significant ceU lysis occurring due to ceU death. 

Tht! foUowing recovery procedure was appUed: 

1) Neutialization and temperature increase 

The first step in the recovery from upset was to decrease the pH to 7.5 in the reactor by 

adding phosphoric acid. The temperature was also increased to 30°C to stimulate 

biolopcal processes. These actions were initiated approximately 12 hours after inducing 

the ]eactor upset. 

2) Washing 

I h e ML in the reactor was washed 3 times with 3000 mL of tap water. The washing 

proi:eiiure, as presented in the previous section, was repeated two more times. The 

suprimatant, after washing was analysed for ammonia. Table 5.19b shows that the 

armnonia concentiation was reduced to 3.8 mg /L after three washings. 

3) Seeding 

3000 mL of ML from SBRl was exchanged with SBR2. This biomass exchange between 

two reactors was repeated twice a day for two consecutive days with the same volume 

(3000 mL) of mixed Uquor. After each exchange biokinetics measurements were 

concucted. 

4) Feeding 

Whe.'n the first 3000 mL ML exchange between two reactors was completed, a 1000 mL 

feed to SBRl was added. This feed contained 50 percent raw groundwater and 

50 p(?rcent tap water. During the feed cycle biokinetic measurements were conducted. 

Alter FILL was completed the ammonia concentiation in the ML increased to 16.6 mg/L. 

It reqiured more than 3 hours to reduce the ammonia concentiation below 1.0 mg/L. 

T h u s the biomass was nitrifying, however biokinetics were slower than the recovery 

from upset #1. To increase the biokinetics more ML was exchanged between SBRl and 

SBR;:. 

AftR]- the second seeding, SBRl was fed with another 1000 mL of a ini;<ture comprised of 

50 percent raw groundwater. Again, biokinetics measurements were conducted. The 
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nitrifiication rate was increasing, so the next 1000 mL feed contained 75 percent raw 

grc' ondwater and eventuaUy the reactor was fed with the undUuted raw groundwater. 

Within 3 days foUowing the upset, SBRl was receiving 1,000 mL of raw feed per cycle 

and vvras reducing the ammonia concentiation to less than 1 m g / L within 90 minutes. It 

shoiUd be noted that nine days was required for SBRl to return to pre-upset biokinetics 

(Appendix F). 

Details of the recovery procedure as weU as associated analyses and measurements are 

]?re!!ented in Table 5.19b. 

As was the case during the first induced upset, three samples were coUected and send to 

Agi3t Laboratory in Mississauga, Ontario for Microtox analyses. I h e results of these 

cma:.yses are presented in Appendix G. 

Sianrples of the effluent before and after upset were also coUected and analysed for 

amraonia, COD, DOC, pH, phenols, thiocyanate, TKN, total cyanide, TOC, TSS, arsenic, 

nitrate and sulfate. Results of these analyses are presented in Table 5.21. A comparison 

of the data for the effluent before and after the upset demonstiates that the pH increase 

sticagly affected not only ammonia, TKN and thiocyanate removal but also 

sub.'ftimtiaUy reduced organics removal. TKN in the effluent before the upset was 

1.2 mg/L whUe after upset 60 mg/L. Thiocyanate concentration in the effluent before 

the upset was 3.2 mg/L and after the upset was 21 mg/L. The respective values for 

COD were 170 m g / L before and 380 mg /L after whUe for TOC was 32 m g / L before and 

110 mg/L after the upset. 

Based on these data and the longer recovery time after the second upset it was 

concluded that the pH induced upset had a much more severe impact on the biomass as 

compiired to the upset related to a malfunction of the aeration equipment. This 

cone lusion should be taken under consideration in fuU-scale system design. 

5.4.:; .2 HRT AND TEMPERATURE REDUCTION (OCTOBER 6 TO 17) 

/\fti:r reactor SBRl totaUy recovered from the second induced upset, the feed to this 

reactor was graduaUy increased to 5000 mL per day thus reducing HRT to 3 days. At 

the iame timfe the FILL period was extended to 100 minutes. The reactor operated at 

thes e conditions for a week continuing to produce effluent with arrunonia concentiation 

<0.15 mg/L. 
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It \^'as also found that biokinetics of ammonia removal were not affected by the higher 

loa(; of TKN despite the increase of ammonia concentiation at the end of FILL up to 

35 tiig/L. This was indicated by a consistent DO profile during FILL and REACT, DO 

recovery in less than 60 minutes foUowing FILL and the ammonia concentiation was 

red Liced to less than 1 mg/L in less than 60 minutes foUowing FILL (Appendix F). 

After reducing the HRT in SBRl to 3 days, the temperature was graduaUy decreased to 

19°c;: cis the heaters were turned off. The reactor operated at these conditions for a week. 

I h e concentiation of ammonia in the effluent was <0.1 mg /L under these operating 

con;li1ions. At the same time consistent biokinetics of ammonia removal was also 

obserA'̂ ed though 90 to 120 minutes were required to decrease the arrunonia 

con«:entiation to less than 1 mg/L and achieve DO recovery foUowing FILL. 

5.4.4 OPTIMIZATION EXPERIMENTS IN SBR2 

5.4.4.1 TEMPERATURE REDUCTION (TULY 26 TO SEPTEMBER 5) 

From July 26 to August 17, the temperature of SBR2 was reduced from 250C to 20^0 at a 

rate ol 1 degree every 2-3 days. Reactor SBR2 was then operated at 5 days HRT, ~20°C 

and Drie hour aerated FILL for 12 days from August 17 to August 29. During that time, 

the 7FCN load in the influent varied from 2130 mg/day to 3000 mg/day (142 m g / L to 

200 tng/L in the mixed Uquor). Despite these variations, the ammonia concenfration in 

the effluent was consistentiy <1 mg/L. 

Biol<:netics measurements (Appendix F) indicated very stable values for DO sag but the 

DO at the end of FILL was higher than when operating at 3000. The lower temperature 

did lower the reaction rates such that 300 minutes were required foUowing FILL to 

decr(?ase the ammonia concentiation to less than 1 mg/L. In addition, 300 minutes was 

required for DO recovery. Even with the reduction in reaction rate, the microbial 

consortia under this SBR operating stiategy could stiU achieve aU the tieatment 

olTJeetives. 

5.4.4.2 MIXED n L L AND HRT REDUCTION 

SBR:^ operated with a mixed FILL (no aeration) and aerated REACT from October 7 to 

Octcl)e:r 13. The purpose of this optimization was to investigate the possibiUty of added 

dt?nitrification during the SBR cycle. During this time, the concentiation of ammonia in 

the e "fluent was stiU less than 1 mg /L as indicated in Table 5.22. 
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At the end of the mixed FILL cycle, the DO concentiation was -0.02 m g / L and the 

ammiDnia concentiation was 31 to 36 mg/L. Once aeration was activated, the DO 

coricentiation increased to >4.5 mg/L. The ammonia concentiation decreased but a 

longer time (3 hours) was required to remove the arrunonia to a concentiation <1 mg /L . 

'[Tif? potential benefits to be obtained in a fuU scale system from this mode of operation 

cire: 

1) lower concentiation of nitiates in effluent; 

2) lower total oxygen demand; and 

3) denitiification restores alkaUnity, counter balancing some of the acidification 

from ammonia conversion. 

The volume of feed to SBR2 was increased to 4,000 mL from October 14 to October 17, 

which decreased the HRT to approximately 4 days. Again, the concenfration of 

arrunonia in the effluent remained below 1 mg /L at aU times as indicated in Table 5.22. 

DO and ammonia measurements in the ML after the FILL cycle were simUar to those for 

5 days HRT, except that the ammonia concentiation was higher (40.3 mg/L) due to 

higl- er TKN load. 

Analytical data for the effluent produced by the reactor SBR2 during the last stage of the 

study, as shown in Table 5.23, indicate that the quaUty of the effluent was as good as for 

the operation with aerated FILL. As expected the concentiation of nitiates in the 

efflij ent was lower indicating that derutrification (conversion of nitrate to nitiogen gas) 

was o<ccurring. 

5.5 ADDITIONAL TESTING 

5.5.1 RESPIROMETRIC TESTS 

During the first respirometric test, six respirometric reactors were fed witii mixed liquor 

frorri SBR2 and with various amounts of raw groimdwater from the Site. Respirometiic 

plots lor this test, presented in Appendix H, demonstiate that oxygen uptake was very 

high and simUar despite differences in the amount of the groimdwater added. 
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,(\n.5l}'ses of reactor content revealed a high concentiation of ammonia in aU of them, 
sin-jJtir to that at the beginning of the tests suggesting that nitiification was inefficient 
due to oxygen tiansfer limitation. These limitations are related to tlie specific set up of 
the respirometric reactors. 

lilt' next test was conducted with a much smaUer amount of biomass to avoid oxygen 
transfer limitation. The amount of raw groundwater added to the respirometric reactors 
was in the same ratio as the feed volume during one feed cycle to MLVSS. The 
respirometiic test was conducted untU steady endogenous respiration occurred. A very 
lov; concentiation of ammorua (<0.05 mg/L) in aU reactors confirmed that nitrification 
ŵ a5; completed. 

5.5.:2 SLUDGE SETTLING TESTS 

The purpose of sludge settling tests was to determine the settling time required to obtain 
good quaUty effluent (TSS <50 mg/L) and a proper design of a fuU-scale tieatment 
syst(?m. 

The results of this test are summarized in Table 5.24. They indicate tiiat just after 
20 n iimtes the sludge was weU settied and later on only compression of soUds occurred. 

During the second test mixed Uquor from the reactor, SBRl was tested in the settiometer 
for 100 minutes, which was the settling time for this reactor. The results of this test, as 
presented in Table 5.25 indicate that the sludge settUng occurred during the first 
30 minutes. 

At the final stage of the study, settUng of sludges was monitored in both reactors by 
measuring the level of sludges after the settling cycle (just before the (affluent discharge). 
The results presented in Table 5.26, indicate a good settUng in both reactors. 

5.6 FATE OF ARSENIC IN THE BIOLOGICAL SYSTEM 
AND TREATMENT 

5.6.1 REMOVAL OF ARSENIC DURING BIOLOGICAL TREATMENT 
WrmOUT FERRIC CHLORIDE ADDITION 

As presented on Figure 5.13, initial removal of arsemc during biological tieatment in 
SBRl was significant (approximately 70 percent). After three months of operation, the 
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arsenic removal became less efficient (approximately 30 percent) and the concentiation 

of arsenic in the effluent became closer to that in the influent. In addition, an increasing 

concentiation of arsenic in the influent resulted in a simUar increasing arseruc 

concentiation in the effluent. A generaUy simUar tiend is seen in Figiue 5.14 for SBR2. 

ITie above observations suggest that the biomass has a specific sorption capacity for 

arsenjc. When equUibrium between the arsenic concentiation in the sludge soUds and 

waller is estabUshed, any arsenic over the equiUbrium concentiation ends up in the 

effluent. 

To better understand the arseruc fate during biological tieatment, samples of sludges 

and die effluent from both reactors were coUected twice a week from June 2 to July 17 

and analysed for arsenic. 

ResLilts of these analyses are presented in Table 5.27. They indicate that an increased 

conc:entiation of arsenic in sludges results in decreasing removal of arsenic from the 

iiifli; ent. These results support the h}^othesis that the biomass has a finite capacity to 

seqne.ster arseruc. 

5.6.2 TESTS ON ARSENIC VOLATILIZATION FROM BIOMASS 

Based on the results presented in Table 5.27, a mass balance for arsenic was calculated. 

Results of these calculations are summarized in Appendix I. The arsenic mass balances 

sugjjested that aU of the influent arsenic could not be accounted for by the mass 

contiiined in the effluent and the sludge. Based on these results, an experiment was 

undertaken to determine if arsenic was being lost through volatilization. 

Sludge samples as weU as impinger solutions were analysed for arsenic before and after 

tiie tiests. Results of these analyses are presented in Table 5.28. 

The results demonstiate that the concentiation of arsenic in the sludge decreased after 

aeralicm. At the same time the concenfration of arsenic in the cibsorbing solution 

incri:a.sed. This clearly indicates that a portion of the arsenic in the biomass exists in the 

form cf volatUe compounds that can be remove from the sludge during aeration. 

The results of these tests are indicative not quantitative. The substantial difference 

bet^^'een the amount of arsenic removed from the sludge and that accumulated in the 

imp nger is Ukely the result of many factors that affect adsorption/immobilisation of 

volatUe arsenic compounds in adsorbing solutions. These factors were not investigated 

m» 
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as trliey were outside the scope of the work plan but they indicate that arsenic in air 
should be considered in the final design. 

5.6.3 ARSENIC REMOVAL FROM THE MIXED LIQUOR 

As discussed in Section 5.3, the pre-tieatment of groundwater, prtmarUy for arsenic 
removal, had no significant effect on biological processes. It was also found that arseruc 
acci-imulation in the biomass eventuaUy would result in an elevated concentiation of 
arsetDC in the effluent, as demonstiated on Figures 5.13 and 5.14. 

Alternatives to pre-tieatment were evaluated, which included precipitation in the 
bio]o^;ical reactor and post-tieatment. In this section, the removal, of arsenic during 
biolojjical tieatment is discussed. Tests on arsenic removal from the effluent are 
disca-ssed in Section 5.6.5. 

ITie addition of ferric chloride to a biological system for removing arsenic is a common 
practice. Successful appUcation of this method depends however on the chemistry of 
the water to be tieated. 

To investigate the appUcabiUty of this method for arsenic contiol in groundwater from 
the WCP Site during biological tieatment, a two stage approach was appUed: 

• addition of an increasing dose of ferric chloride over time; and 

• addition of the same dose of ferric chloride over an extended time. 

Dur Jig both tests, ferric chloride, in the form of a 0.1 percent solution, was added 
manuaUy during the FILL period. 

The initial 10 mg/L dose of ferric chloride in SBRl, was increased every 2 to 3 days by 
10 rng/L to a maximum dose of 80 mg/L. The concentiation of arseruc in the effluent 
and sludges was monitored twice a week. TypicaUy, two samples were coUected for a 
specific dose of ferric chloride. Results of arsenic analyses along witii the ferric chloride 
dose are presented in Table 5.29. 

As ?hown in Table 5.29, the addition of ferric chloride resulted in a decrease of arsenic 
concentiation in the effluent from both reactors. Thus ferric chloride enhanced arsenic 
remoA'al with the biomass. The removal efficiency was not however directly 
proportional to the ferric chloride dose. The addition of ferric chloride up to 40 mg/L 
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reduced the arsenic concentiation in the effluent from SBRl from 6.3 m g / L to 2.3 mg/L . 

A liigher dose of ferric chloride, up to 80 mg/L reduced the arsenic concentiation in the 

£!ffliient only to 1.9 mg/L. 

A sinular effect of ferric chloride addition on arsenic removal was observed for SBR2. 

The cddition of 30 mg /L of ferric chloride reduced the arsenic concentiation in the 

effluent from 6.4 m g / L to 3.3 mg/L. For 70 mg/L of ferric chloride added to this reactor 

the arsenic concentiation in the effluent was 2.1 mg/L. 

Based on the results from SBRl and SBR2, a ferric chloride dose of 40 m g / L was selected 

for long-term evaluation. 

From September 19 to October 17, the same 40 mg/L dose of ferric chloride was added 

to both reactors. Ferric chloride addition resulted in a consistent decrease of arsenic 

concentiation in the effluent from both reactors. Thus at the end of the study, the 

coni;e]itiation of arsenic in the effluent from SBRl was 0.63 m g / L and in the effluent 

from SBR2 was 0.64 mg/L. 

It is worth noting that during the final month of the study, many operational changes in 

botii reactors were implemented. During this period, the effluent arsenic concenfration 

in both reactors decreased to less than 1 m g / L with no increase in ferric chloride dose. 

Summaries of influent and effluent data for the whole study were presented on 

Figures 5.13 and 5.14 for SBRl and SBR2, respectively. These data suggest that a 

40 nvg/L dose of ferric chloride can consistentiy achieve an effluent arsenic 

concentiation of less than 1 mg/L with influent arsenic concentiations of less than 

11 mg/L. 

5.6.4 TCLP TESTING OF SLUDGE FROM PRE-TREATMENT AND 
FROM BIOLOGICAL TREATMENT WITH FERRIC 
CHLORIDE ADDITION 

To determine the quaUty of the soUd wastes generated during the study TCLP, tests 

wen.- conducted on the foUowing samples: 

• ; ludges generated during pre-tieatment; 

• ^ ludges generated during biological tieatment with ferric chloride addition; and 

• (Uter cake and filtiate from fUtration tests. 
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ITit' sludge samples from the groundwater pre-tieatment batches w^ere combined to 

create a single composite sample and kept in a closed plastic container at 5°C and 

air-dried before TCLP testing. 

ITie Siunple of biological sludge was a composite of wasted sludges coUected from both 

reat:tcrs during two months of operation (September and October) when ferric chloride 

addition was implemented. The sludges were fUtered, air-dried and kept in a closed 

plasti<: container at 5°C. A sample of biological sludge without ferric chloride addition 

was not coUected for TCLP analyses. 

A filteT cake sample, generated from the sludges left in both reactors at the end of the 

study, was subjected to fUfration tests conducted by KomUne-Sanderson, a manufacturer 

of s l idge tieatment equipment, at its testing laboratory in Brampton, Ontario. 

Results of TCLP testing are presented in Table 5.30. They indicate tiiat arsenic was the 

onl}' parameter that exceeded the US EPA RCRA hazardous waste characteristic 

concentiations (5 m g / L arsenic) for aU investigated samples: 

• shidge after pre-tieatment: 14 m g / L 

• biological sludge: 6.8 m g / L 

• fUter cake: 5.9 m g / L 

5.6.5 TESTS ON ARSENIC REMOVAL FROM THE EFFLUENT 

Thii; s(H:tion presents the results of testing to reduce the concentiation of arsenic in the 

reactor- effluent after separation from the mixed Uquor. Two effluent arsenic 

concentiations were tested, 5.3 mg/1 and 2.6 mg/1. 

Resulfc; of the initial precipitation tests on the effluent indicated that the addition of iron 

salts, in doses up to 100 m g / L resulted in only partial removal of arsenic from the 

effluer t (60 percent from SBRl effluent and 23 percent from SBR2 effluent). The results 

ot these tests are presented in Table 5.31. 

During the next tests, Fenton's reagent was used. The first set of tests was conducted 

usint; the procedure previously appUed for the groundwater pre-tieatment. The 

procedure involves an addition of humates to the water before Fenton's reagent addition 

and it was conducted at neufral pH. The results of this procedure were presented in 

Tabk' 5.32. 
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'Ihi.s procedure, which was successfuUy appUed to the raw groundwater was not as 

effective for the biological effluent. The reason is probably the different speciation of 

arsenic in the biological effluent as compared to the raw groimdwater. The removal of 

arsenic from the SBRl effluent was up to 70percent and for the SBR2 effluent only 

38 jriercent. The final concentiation of arsenic after tieatment was 1.6 mg/L. 

The next tests with Fenton's reagent were conducted without humates at pH = 3.5. 

Under these conditions, Fenton's reagent produces hydroxyl free radicals, a very 

po^^'erful oxidant. The removal of arsenic during these tests was substantiaUy better and 

the Final concenttation of arsenic was 0.4 mg /L for SBRl effluent and 0.3 m g / L for SBR2 

eiffluent. Results of Fenton' reagent tieatment are also presented in Table 5.32. 

Tests with activated alumina adsorption were conducted using AAFS-50 activated 

aluiraina product suppUed by Alcan Chemicals, BrockviUe, Ontario. This product is 

reccmmended for arsenic removal from drinking water. 

Tests were conducted with various doses of activated alumina which were mixed for 

30 minutes with the same volume (100 mL) of biological tieatment effluent. Results of 

the.se tests, presented in Table 5.33, indicate that a substantial amount of activated 

aluriina (>1200 mg/L) is required to reduce the arsenic concentiation below 1 mg/L . 

Based on the results of tests on arsenic removal from biological effluent, Fenton's reagent 

treaiment at pH = 3.5 seems to be the most effective post-biological tieatment option. 

Hov/ever, it is only sUghtiy more effective than adding 40 mg /L ferric chloride during 

biological tieatment when Fenton's reagent is appUed at doses of 60 mg /L ferric sulfate 

and 1(X) mg /L hydrogen peroxide. 
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6.0 SUMMARY AND CONCLUSIONS 

Ihis study successfuUy demonstiated that complete and consistent nitrification could be 

ach:ie%'ed along w^ith removal of organics, phenols, thiocyanate, and arsenic from 

representative groundwater from the WCP site. After complete and sustained 

nitiification was achieved, multiple experiments were undertaken to evaluate SBR 

opetaiing parameters to optimize the capital and operating costs of a fuU scale system 

(i.e., HRT, temperature, arsenic tieatment method). Specific conclusions of this study 

are [)resented below. 

6.1 BIOLOGICAL TREATMENT 

a. Biological tieatment was able to effectively reduce the concentiations of 

ammonia, phenol, thiocyanate, and cyanide by greater than 90%. 

b. This tieatment efficiency was achieved with a hydrauUc retention time (HRT) as 

low as 3 days and at a temperature as low as 19°C. 

c. Effective tieatment was achieved in the SBR with 3 reactor feeding cycles per day 

including a 1 hour FILL period during each cycle. 

d. The accUmated biomass using a 3 day HRT and a 1 hour FILL is very robust. The 

biomass can experience a tiansient ammonia concentiation in excess of 50 m g / L 

in the SBR and stiU achieve complete nitrification (i.e., >99% conversion of 

ammonia to nitiate) within a single 8 hour cycle. 

e. The biomass is capable of denitrifying during an anoxic 1 hour FILL period. 

f. Pretieatment for arsenic was not required to achieve effective biological 

tieatment of aU the other constituents in the groundwater. 

6.2 ARSENIC TREATMENT 

a. The biomass in the SBR was not able to sustain any significant reduction in 

arsenic concentiation. 

b The addition of 40 mg /L ferric iron to the activated sludge was able to effectively 

reduce arsenic in the effluent by greater than 85%. 

c. The biomass was found to exceed the TCLP Umit for arsenic when arsenic was 

precipitated using 40 mg/L of ferric iron. The pretieatment sludge (i.e., sludge 

from Fenton's reagent/humic acid tieatment) was also found to exceed the TCLP 
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Umit. Biomass without iron addition wUl accumulate arseruc but was not tested 
using TCLP during the study. 

d. The SBR effluent is amenable to arsenic tieatment using Fenton's reagent at a pH 
of 3.5 or absorption using activated alumina. 

e. Some of the arsenic is lost to the air above the SBR due to volatilization during 
aeration in the SBRs. 

6.3 PROCESS CONTROL 

a. Ammonia conversion to nitiate (nitrification) is the limiting freatment process. 
Once ammonia concentiations have reached less than 1 mg/L the biomass is 
endogenously respiring (i.e., bacteria are no longer degrading contaminants). 

b. Dissolved oxygen concentiation (DO) was found to be an important process 
control parameter. The DO profile during the SBR cycle was able to show the 
end of nitrification. The EKD profUe, shape and time to reach endogenous 
respiration (DO recovery), was also a good indicator of the overaU healtii of the 
biomass. Ehiring upset recovery, evaluation of the shape of the DO profUe and 
time to achieve DO recovery provided a good indication of whether the biomass 
was ready to tieat additional feed. 

c. Reactor operation requires addition of a base to neutiaUze the nitiic acid 
produced during nitrification. Caustic is recommended for pH contiol in the fuU 
scale system. 

d. Reactor operation requires PAC addition and sludge wasting to maintain MLTSS 
around 8,000 mg/L. 

6.4 BIOMASS ACCLIMATIZATION 

a. The effective acclimatization procedure requires 6 cycles per day with a 1 hour 
FILL whUe slowly increasing the ammonia loading. AccUmatization was 
successful with a 7.5 day HRT. 

b. Once a 5 day HRT is achieved, the number of cycles per day can be reduced to 3 
whUe maintaining a 1 hour FILL. 

c. Once 3 cycles with 1 hour FILL is reached, the HRT can be reduced to 3 days. 

Ml 
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6.5 UPSET RECOVERY 

Mil 

a. 

b. 

Acclimatized biomass can be recovered (i.e., <1 mg/L of ammonia in effluent) 
from a complete upset of nitrification (i.e., no ammonia degradation) in 3 days. 
Recovery to pre-upset biokinetic conditions may take up to 9 days. 

The upset recovery procedure requires sludge washing foUowed by seeding the 
upset reactor from a normaUy running reactor. 

6.6 DESIGN BASIS 

A 5;:liematic of the proposal tieatment system is presented on Figure 6.1. The tieatment 
sysi em wUl consist of the foUowing major components: 

1) An equalization tank 

2) Three SBRs 

3) Holding Tank 

HRT ~1 day 

mechanical mixers 

mechanism to coUect and remove soUds 

phosphoric acid storage and addition 
mechanism 

HRT = 5 days 

mechanical mixer 

aeration system 

pH contioUer 

heaters 

decant mechanism 

sludge pump 

ferric chloride addition for arsenic 
tieatment 

covered and under low suction vacuum 

HRT -1/2 day 

provision for sample coUection 

provision to return reject water to influent 
equalization tank 
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4) Equalization Tank 

5) Sludge Management System 

6) Odor Contiol Systems 

HRT ~1 day 

storage to provide operational flexibiUty to 

re-Uijection 

holding tank 

polymer addition 

fUter press 

fUtiate return 

pressed sludge shipping 

may also be necessary for arsenic contiol 

To iiudate tieatment operation, the SBR's wiU be fiUed with activated sludge from a coke 

woi]<s biological tieatment plant that has been tested to confirm that the biomass has a 

healhy population of nitrifiers. The plant wUl be operated at 7 days HRT, 30°C with 

5 feed cycles per day. Aeration wiU be maintained at aU times except during settling 

and decant cycles. AccUmatization is expected to take up to three months. Once steady 

nitii.ication is demonstiated and biokinetics confirm an active biomass, the HRT wUl be 

gradu;iUy reduced to 3 days and the feed cycles reduced to 3 per day. A feed cycle is 

exp(?cted to consist of 60 minutes FILL; 260 minutes REACT; 100 minutes SETTLE; and 

60 minutes DRAW. FinaUy, the temperature of the mixed Uquids wUl be graduaUy 

reduced to 20°C. 

Aftei' ci month of satisfactory operations, feed without aeration wUl be initiated. 

The SBR's wiU be operated sequentiaUy, off set by one third of a feed cycle so that a 

react0]' showing any distiess can be bypassed for one feeding. 
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SOURCE: USGS QUADRANGLE MAP; 
WAUKEGAN, ILLINOIS 

WAUKEGAN figure 1.1 
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TABLE 2.1 

ANAL n ICAL DATA FOR GROUNDWATER COMPOSITE (BATCHES) USED IN NITRIFICATION STUDY 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date of 

preparatioji 

V2%'2003 

3/27/200.'l 

V8/2003 

Vi4/20o;i 

4/2^00:1 

5/14/200:1 

5/2^200:1 

5/3(y200;i 

^ y 2 0 o ; i 

6/23/200;) 

6/30/2003 

7/7/2003 

7/7/2003 

7 / 1 ^ 0 0 3 

7/23/2003 

8/6/2003 

y^^2003 

8A1/2003 

8/18^/2003 

8/26/2003 

9/3^003. 

9/10/2003 

9/2^2003 

9/2^2003 

9/3{y2003 

10/6/2005 

10/7/2003 

10/7/2003 

(s* Uniti) 

?.10 

B.20 

B.OO 

BOO 

i.10 

S,20 

7.80 

7,90 

7.70 

5.10 

7.90 

8.00 

8.20 

8.10 

7.90 

7.90 

8.00 

8.10 

8.10 

7.90 

7.80 

7.90 

8.00 

7.90 

7.90 

7.80 

8.10 

7.80 

N H j - N 

66.2.0 

521.0 

568.0 

6J4.0 

630.0 

570.0 

578.0 

610.0 

520.0 

530.0 

540.C 

4(0.0 

4'»0.0 

530.0 

510,0 

530.0 

4<>0.a 

550.0 

5.50.0 

480.0 

480.0 

510.0 

5iX).0 

5(X).0 

520.0 

520.0 

560.0 

550.0 

TKN 

790.0 

600.0 

820.0 

830.0 

810.0 

650.0 

690.0 

690.0 

570.0 

790.0 

550.0 

590.0 

5%.0 

820.0 

670.0 

720.0 

720.0 

710.0 

1000.0 

720,0 

800.0 

720.0 

720.0 

720.0 

680.0 

680.0 

690.0 

690.0 

NO3-N 

<2 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

2.1 

0.5 

0.5 

ZO 

ZO 

1.2 

0.8 

5.0 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

0.5 

COD 

1200.0 

1200.0 

1200.0 

1260.0 

1260.0 

1150.0 

1200.0 

1200.0 

1300.0 

1700.0 

1400.0 

1200.0 

1250.0 

1500.0 

1700.0 

1200.0 

1300.0 

1400.0 

1300.0 

1300.0 

1200.0 

1300.0 

1300.0 

1300.0 

1200.0 

1200.0 

1100.0 

1100.0 

TOC 

392.0 

374.0 

337.0 

338.0 

360.0 

390.0 

430.0 

310.0 

420.0 

380.0 

360.0 

360.0 

350.0 

320.0 

380.0 

208.0 

210.0 

440.0 

300,0 

300,0 

430,0 

240,0 

350.0 

350.0 

230.0 

230.0 

230.0 

230,0 

Parameter (mg/L) 

DOC 

360.0 

333.0 

313.0 

333.0 

353.0 

390,0 

390.0 

360.0 

310,0 

300,0 

310,0 

330,0 

335,0 

300.0 

300,0 

190.0 

190,0 

290,0 

220,0 

290,0 

260,0 

220,0 

270.0 

270.0 

200.0 

200.0 

200.0 

200.0 

Phenols 

160,0 

158,0 

138,0 

170,0 

190.0 

130.0 

140.0 

120.0 

190.0 

200,0 

210.0 

190.0 

180,0 

120.0 

200,0 

210,0 

210,0 

250,0 

180,0 

230,0 

170.0 

190,0 

162,0 

162.0 

122,0 

122,0 

132.0 

132.0 

Thiocyanate 

158.0 

200,0 

170.0 

150.0 

180.0 

150.0 

160.0 

160.0 

200.0 

180.0 

160.0 

180.0 

170.0 

150.0 

160.0 

190.0 

190.0 

160.0 

160.0 

170.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

140.0 

140.0 

Total Cyanide 

2.4 

3.6 

3.5 

3.5 

3.7 

4.7 

4.3 

3,6 

3.8 

3,2 

3,1 

2,9 

2,9 

4,4 

3,1 

2,5 

2,5 

2,6 

2.2 

2,8 

3.1 

3,8 

2,7 

2,7 

4.4 

4.4 

3.4 

3.4 

TSS 

3.0 

2,3 

8.0 

6.0 

6.0 

6.0 

20.0 

20.0 

20.0 

104.0 

20,0 

39,0 

32.0 

39.0 

110.0 

98.0 

98.0 

14.0 

25.0 

12.0 

26.0 

8.0 

14.0 

14.0 

46.0 

46.0 

35.0 

35.0 

VSS 

2.0 

2.0 

7.0 

3.0 

5.0 

5.0 

15.0 

13.0 

15.0 

65.0 

16.0 

25.0 

26.0 

29.0 

69.0 

82.0 

82.0 

8.0 

18.0 

8.0 

21.0 

7.0 

12.0 

12.0 

32.0 

32.0 

28.0 

28.0 

Arsenic 

6.6 

6.6 

6.8 

6.4 

6.8 

6.2 

6.8 

6.6 

9.2 

9.6 

7.2 

6.7 

6.9 

6.7 

9.2 

9.1 

9.2 

6.9 

7.1 

6.6 

6.9 

5.9 

6.3 

6.3 

11.0 

11.0 

10.0 

10.0 

Sulfate 

130 

140 

120 

130 

135 

140 

150 

130 

130 

130 

140 

145 

130 

150 

140 

135 

140 

150 

140 

140 

130 

130 

140 

140 

140 

130 

140 

140 

CRA. 19023 ;iO) 



TABLE 5.1 

RESULTS OF ARSENIC PRE-TREATMENTT EXPERIMENT 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Parameter 
'.aw Water Mixture 

2003-01-10 
Pre-Treated Water Test 1 

(30mgH2O2) 
Pre-Treated Water Test 2 

(40mgH2O2) 
Pre-Treated Water Test 3 

(50mgH2O2) 

pH (Std) 

Phenol (4AAP) 

Thiocyanate 

Total Cyanide 

Total Organic Carbon 

Total Suspend«!d Solids 

Ajsenic 

8.1 

111 

210 

1.95 

412 

23 

7.1 

Concentration 
(mg/L) 

7.1 

106 

166 

0.26 

390 

4 

2.2 

Removal 

(%) 

-

4.50 

20.95 

86.67 

5.34 

82.61 

69.01 

Concentration 
(mg/L) 

7.2 

93 

160 

0.2 

388 

6 

1.1 

Removal 

(o/o) 

. 

16.22 

23.81 

89.74 

5.83 

73.91 

84.51 

Concentration 
(mg/L) 

7.2 

91 

172 

0.18 

392 

7 

0.73 

Removal (%) 

-

18.02 

18.10 

90.77 

4.85 

-

89.72 

CRA 19023 (10) 



TABLE 5.2 

:F RE-TREATED GROUNDWATER COMPOSITES (BATCHES) USED IN NITRIFICATION STUDY 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

2/28/2003 

^27/2003 

4/6^/2003 

4AV2003 

4 / 2 ^ 0 0 3 

5/1V2003 

5/24/20O3 

V30/2C03 

f / l ^ C 0 3 

V23/2C103 

y30/2CK)3 

oH 

7.6 

7.8 

7.6 

7.5 

7.6 

7.4 

7.8 

7.8 

7.6 

7.8 

7.6 

NHj -V 

602. [1 

518.0 

540.0 

580.(1 

610.0 

610.(1 

560.0 

590.0 

490.0 

500.0 

540 0 

TKN 

720.0 

550,0 

760.0 

790.0 

770.0 
770.0 

670.0 

660.0 

510.0 

650.0 

550.0 

NO3-N 

2.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

1.0 

2.2 

3.5 

0.5 

COD 

1300.0 

1300.0 

1400.0 

1300.0 

1300.0 

1300.0 

1350.0 

1380.0 

1180.0 

1200.0 

1400,0 

TOC 

412.0 

350.0 

364.0 

367.0 

372.0 
372.0 

392.0 

389.0 

240.0 

300.0 

360.0 

Parameter (mg/L) 

DOC 

406.0 

346.0 

348.0 

338.0 

346.0 

349.0 

342.0 

348.0 

160.0 

240.0 

310.0 

Phenols Th 

120.0 

122.0 

134.0 

104.0 

112.0 
112.0 

102.0 

92.0 

97.0 

140.0 

210.0 

\iocyani 

66.0 

160.0 

160.0 

150.0 

160.0 
160.0 

146.0 

142.0 

180.0 

76.0 

160.0 

VSS Arsenic Sulfate 

2.6 

3.3 

3.6 

2.9 

Z9 
2.9 

2.6 

2.2 

2.8 

2.9 

3.1 

<1 

9.5 

2.4 

6.0 

12.0 
12.0 

12.0 

12.0 

22.0 

180.0 

20.0 

<1 

1.0 

2.0 

2.0 

6.0 
6.0 

6.0 

9.0 

14.0 

98.0 

16.0 

2.0 

0.7 

1.2 

1.5 

1.1 
1,1 

0,9 

1,9 

1,3 

1.5 

2.2 

230 

230 

250 

260 

240 
250 

300 

260 

260 

270 

260 

CR* 1901! (10) 

file:///iocyani
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TABLE 5.3 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 
ACCLIMATIZATION USING DOFASCO SLUDGE 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 
WAUKEGAN, ILLINOIS 

Date 

Jan-13 
Jan-14 
Jan-15 
Jan-16 
Jan-17 
Jan-18 
Jan-19 
Jan-20 
Jan-21 
Jan-22 
Jan-23 
Jan-24 
Jan-25 
Jan-26 
Jan-27 
Jan-28 
Jan-29 
Jan-30 
Jan-31 
Feb-01 
Feb-02 
Feb-03 
Feb-04 
Feb-05 

Op 

pH(StUn) DOimgO^A) 

8.1 
8.2 
8.7 
7.9 
8.6 
7.4 
6.8 
6.9 
8.4 
8.2 
7.6 
7.4 
7.7 
7.2 
7.8 
7.2 
7.5 
8.0 
7.6 
8.1 
8,1 
7.?, 
7.6 
7.V, 

6.5 
6.6 
6.4 
6,5 
6,2 
6.4 
6.1 
6.2 
6.3 
5.8 
5,9 
6 

6.2 
4.8 
5.5 
4.6 
5 

5.2 
515 
4.7 
4.2 
4.4 
5.6 
5.4 

etational Parameters 
DO(15min) Feed (ml) 

5.8 
5.7 
5.8 
5.1 
4.8 
4.2 
3.8 
3.9 
3.4 
3,2 
3,1 
3,5 
3,3 
2.3 
2.41 
2.3 
2,2 

2,75 
2,6 
2.2 
2.1 
1.9 
3.3 
2.7 

500 
0 

500 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

600 
0 

650 
0 
0 

650 
0 
0 
0 
0 
0 

NH3-N load (mg/L) 

16.8 
0 

16.8 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

20.2 
0 

21.9 
0 
0 

21.9 
0 
0 
0 
0 
0 

Analytical Data 
N H 3 - N N O 3 - N 

0.9 
2.8 
19 
17 
9.2 
22 
18 
16 
3.2 
3 

1.2 
0.3 
0.2 
0.2 
4.2 
3.3 
1.2 
1.1 
0.8 
12 
5.5 
3.6 
5.4 
5.7 

0.9 
1.2 
1.6 
3.3 

7.2 

8.6 

7.2 

9.2 

8.6 

8.8 

9.1 

(mg/L) 
VSS 

4800 
4800 
4800 
4800 
4800 
4800 
4800 
4800 
4800 
4800 
5200 
5200 
5200 
5200 
4900 
4900 
4900 
6900 
6900 
6900 
6900 
6900 
6900 
6900 

NH-,-Nnitrij 

(mg/L) 

7.8 

4 
2 

12.8 
0.2 
1.8 
0.9 
0.1 

16 
0.9 
24 

0.3 
10.7 
6.5 
1.9 

f NHi-nitr/VSS 

0.0016 

0.0008 
0.0004 
0.0027 
0.0000 
0.0003 
0.0002 
0.0000 

0.0033 
0.0002 
0.0049 

0.0016 
0.0009 
0.0003 

Comments 

unstable pH, soda ash 
unstable pH, sugar 3 g 
soda ash added, sugar 3g 
soda ash added, sugar 3g 
buffer added, sugar 2 g 
buffer added, sugar 1 g 

buffer added. 

soda ash. 

soda ash. 

buffer 2 ml 

CRA 19023 (lO: 
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TABLE 5.4 

S U M M A R Y O F ANALYTICAL D A T A A N D O P E R A T I O N A L P A R A M E T E R S FOR SBR2 

A C C L I M A T I Z A T I O N U S I N G DOFASCO SLUDGE 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Da te 

J a n l 8 
Jan-19 
Jan-20 
Jan-21 
Jan-Z'. 
Jan-2:v 
Jan-24 
Jan-25 
Jan-26 
Jan-27 
Jan-28 
Jan-29 
Jan-30 
Jan-31 
Feb-Ol 
Feb-02 
Feb-03 
Feb-iM 
Feb-05 

pHiSfUn) 

8,6 
7,4 
7,8 
7.9 
8.4 
8.2 
7.6 
7A-. 

7.7 
72. 
68 
72. 
75 
7.9 
7.8 
8,1 
7,6 
7.8 
7.6 

O p e r a t i o n a l P a r a m e t e r s 

1 ) 0 (mg02/L) DO(15 min) Feed (ml) VH3-N load (mg/L) 

6,2 4,8 

6.4 4,2 

6.1 3,8 

6.2 3,9 

6.3 3.4 

5,8 3.2 

5.9 3.1 

6 3,5 

6.2 3.3 

4.8 2.3 

5.6 2.6 

5 2.2 

4.98 l.\ 
5.2 2.1 
4.5 1.9 
3.2 1.8 
3 1.7 

5.6 2.2 

5.3 3.1 

500 16.8 

500 16.8 

600 20.2 

650 21.9 

650 21.9 

Analytical Data 
NH3-N N03-N 

3.2 
2.2 2.3 
1.8 
30 4.6 
13 
7.2 7.3 
1.2 
0.3 7.2 
0.2 
5.8 
1.4 8.6 
3.3 
6.5 
3.1 
0.8 8.8 
22 
18 
15 
7 

(mg/L) 

VSS 

4600 

4600 

4600 

4600 

4600 

4600 

5100 

5100 

5100 

4800 
4800 

4800 

4800 

5250 

5250 

5250 

5250 

N H s - N m t r i / NH3-mtrAS{ 
(mg/L) 

0.4 0.0001 

17 0.0037 

5.8 0.0013 

6 0.0012 

0.9 0.0002 

0.1 0.0000 

24.6 0.0051 

18.7 0.0039 

3.4 0.0006 

2.3 0.0004 

0.7 0.0001 

4 0.0008 

3 

! Commen t s 

soda ash added, sugar 3g 
buffer added, sugar 2 g 
buffer added, sugar 2 g 
buffer added, sugar 2 g 

buffer added, sugar 1 g 

soda ash, buffer 2ml 

soda ash, 

soda ash, buffer 2 ml 

soda ash, buffer 2 ml 

CRA 19033 (10) 
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TABLE 5.5 

SUIv:(MARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR3 
ACCLIMATIZATION USING DOFASCO SLUDGE 

WAUKEGAN MANUFACTURING GAS AND COKE PLANT 
WAUKEGAN, ILLINOIS 

Date Operational Parameters Analytical Data (mg/L) 
-N NO3-N VSS ' 

0.58 4800 

1.3 

2.9 

3.6 4900 

4.9 

6.4 4900 

8.6 

12 4950 

Ian-13 
;ian-14 
Jan-15 
Jan-1(5 
Jan-17 
Jan-lS 
Jan-19 
Jan-20 
Jan-21 
Jan-2;Z 
Jan-23 
Jap-24 
Jan-25 
Jan-26 
Jan-27 
Jan-28 
Jan-29 
Jan-30 
Jan-31 
Fet-Ol 
leb-O:'. 
Feb-03 
Feb-04 
Feb-Or> 

pH (St Un) 

8.1 
8.2 
8.2 
7.9 
7,6 
7.4 
7.6 
7.6 
7.6 
7.8 
7.6 
7.6 
7.6 
7.3 
7.8 
7.2 
7.5 
7.8 
7.6 
7.8 
7.4 
7.3 
7.6 
7.8 

DOimgOi/L) 

6.6 
6.6 
6.4 
6.5 
6.7 
6.4 
6.1 
6.2 
6.3 
6.6 
6.3 
6 

6.2 
6.2 
6.1 
5.6 
5.4 
5.8 
5.1 
5.3 
5.2 
5.4 
5.6 
5.4 

Feed (ml) 

10 
20 
20 
30 
50 
60 
75 
90 
90 
120 
120 
120 
150 
150 
170 
180 
200 
200 
200 
200 
200 
200 
200 
200 

NH3-N load (mg/L) 

0.40 
0.80 
0.80 
1.20 
2.00 
2.40 
3.00 
3.60 
3.60 
4.80 
4.80 
4.80 
6.00 
6.00 
6.80 
7.20 
8.00 
8.00 
8.00 
8.00 
8.00 
8.00 

8.00 
8.00 

NHs-1 

0.9 
0.7 
0.6 
0.3 
0.1 
0 7? 
0.25 
0.3 
0.2 
0.8 
0.2 

0.12 
0.9 
0.21 
0.8 
1.2 
1.4 
0.8 
0.7 
0.5 
0.3 

0.09 
0.09 
0.08 

CRA 19023 (10) 
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TABLE 5.6 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 
INITIAL ACCLIMATIZATION USING CLAIRTON SLUDGE 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

Feb-09 

Feb-10 

Feb-11 

Feb-12 

Feb-13 

Feb-14 

Feb-15 

Feb-16 

Feb-17 

Feb-18 

Feb-19 

Feb-20 

Time Operational f 'arametes 
pH (St Un) DO (mgOZIJ DO(15 min) 

9:00 6 
18:00 6 
9:00 6 
18:00 6 
9:30 5 
18:00 6 
9:30 5 

18:00 6 
9:30 5 

18:00 6 
9:30 6 
17:30 6 
9.00 5 
18:00 6 
9:00 6 
17:30 6 
9:00 6 

T':30 6 
9:30 6 
18:00 6 
9:00 5 
18:00 6 
9:00 6 
18:00 6 

7 3 
7.6 
7.8 
7.4 
7.8 
7 3 
7.9 
7 3 
7.4 
7.2 
7.8 
8 

7.6 
7 5 
7.6 
7.2 
7 3 
7 2 
76 
6.5 
6.7 
6.5 
7.8 
7.6 

64 
5 8 
56 
5.8 
5.2 
58 
54 
62 
52 
5 8 
56 
5.8 
54 
5 5 
5.6 
5.9 
6.2 
5.8 
5 6 
55 
5.4 
5.8 
5.6 
5.6 

2.3 
2.4 
2.3 
2.2 
2.7 

2.i 
1.9 
3.1 
2.1 
2.5 
2.2 
2.4 
2.3 
2.2 
2.1 
2.5 
2.1 
2.3 
2.2 
2.4 
2.1 
2.3 
2.2 
2.2 

Feed (ml) 
Water 

2700 

2500 

2500 

2100 

2300 

2200 

2100 

2X)0 

3X)0 

3300 

Groundwater 

300 

400 

sai 

600 

700 

800 

900 

1000 

0 

0 

Temperature 
(oC) 

25 
27 
27 
27 
27 
27 
26 
26 
26 
26 
26 
26 
26 
26 
28 
28 
28 
28 
27 
27 
26 
27 
27 
27 

TKN load ( m ^ ) 

26.2 

34.9 

43.5 

52.0 

60.7 

69.4 

78.0 

86.7 

0 

0 

Effluent Analytical Data 
COD 

130 

220 

240 

280 

340 

320 

135 

NH3-N 

3.2 
3.1 
2.8 
2.6 
2.3 
2.2 
0.2 
0.3 
0.3 
0.6 
0.3 

0.35 
0.4 
0.2 

0.15 
0.2 
0.16 
0.23 
0.5 
2.2 
10.2 
8.2 
7.8 
7.1 

N03-N 

96 

98 

103 

110 

120 

110 

102 

(mg/L) 
TSS VSS 

103 76 

120 88 

170 102 

180 103 

AfLVSS 

14000/21200 
F; =0.66 

15000/21800 
R = 0.688 

19000/26500 
R = 0.716 

IVH 3 -N nitrif NH 3 -nitr/VSS 

(mg/i.) 
Comments 

no feed 
no feed 

26.5 

35.4 

45.6 0.5gNa2CO3 

51.9 0.8gNa2CO3 

607 1.0gNa2CO3 

69.3 poor settling, llocculants added 

78.3 1.0 g Na2C03, flocculant 

86.7 2.0 g Na2C03 

2.0 g Na2C03, no feed 
5.0 g Na2C03, no feed 
5.0 g Na2C03, no feed 



MMHM l i i U i i 

TABLE 5.7 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 
INITIAL ACCLIMATIZATION USING CLAIRTON SLUDGE 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date Opett, tional Parameters 

reb-09 

Feb-10 

Feb-11 

Feb-12 

Feb-13 

Feb-14 

Feb-15 

Feb-16 

Feb-17 

Feb-18 

Feb-19 

Feb-20 

pH(S tUn> 

9:00 

9:00 

18:00 

9:00 

18:00 

9:00 

18:00 

9:00 

18:00 

9:00 

17:30 

9:00 

18:00 

9:00 

18:00 

9:00 

17:30 

9:00 

18:00 

9:00 

18:00 

9 00 

18:00 

7.3 

7.5 

7.3 

7 1 

7.8 

7.3 

7.9 

7.3 

7 4 

7 2 

7.8 

8 

7.6 

7.5 

7.6 

7.2 

7.3 

7.2 

7 6 

6 4 

6 5 

6 6 

7 8 

7 6 

D O (mgOl'/L) 

6 4 

5.8 

5.6 

5.8 

5.2 

5.8 

5.4 

(..2 

5.2 

5.8 

5.6 

5.8 

5.4 

5.5 

5.6 

5.9 

h.2 

5.8 

5.6 

;v5 

5.4 

,5.8 

5.6 

5.6 

D O ( i ; nin) _ 

2.3 

:..4 

:..; 
i . i 

;:.; 
::.( 
1 ? 

5 4 

: ; l 

7.( 

2 : 

?.< 

:'..; 
?.: 

21 

?.'. 

:'..: 
2.5 

,,., 
2 . ' : 

'.I.' 

2. : ; 

• 1 ' » 

l '.*. 

Feed 

Water 

2700 

26O0 

2500 

2400 

2300 

2200 

2100 

2000 

3000 

3000 

(mVday) 
Groundwater 

300 

400 

500 

600 

TOO 

BOO 

900 

1000 

0 

0 

Temperature 1 

( o O 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

26 

28 

28 

28 

27 

27 

26 

28 

28 

28 

Effluent Analytical Data (mg/L) 
:OD Nm-NN03-N TSS VSS 

Vn,V'SS^LTSS NH3-N nitrif NHS -nitr/ySS 
Ratio ( m ^ ) 

Comments 

0.0 3.5 
3.1 

0.0 2.7 
1.6 

16.2 0.1 
0.15 

21.4 0.2 
0.3 

267 0.4 
0.2 

32.0 0.15 
0.2 

37.3 180 0.35 110 
0.3 

42.7 100 0.4 110 
0.25 

48.0 150 0.2 112 
0.15 

53.3 260 0.5 115 
0.8 

0 220 8.9 110 
7.3 

0 240 7.6 96 
9.2 

14000/21200 

R=0.66 

15800/22800 

I! = 0.692 

15200/21600 

R - 0.703 

17.3 

21.4 

26.6 

32.2 

37.3 

42.7 

48.2 

53.3 

-0.3 

no feed 

1.0 g Na2C03 

2 ml buffer 

0.6 g Na2C03 

0 9 g Na2C03 

1.0 g Na2C03, flocculani 

1.0 g Na2C03, flocculani 

2.0 g Na2C03 

2.0 g Na2C03 

5.0 g Na2C03 

5.0 g Na2C03, no feed 

CR» 19013(10) 



IMMM lliibi 

TABLE 5.8 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR3 

ACCLIMATIZATION USING CLAIRTON SLUDGE 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

Feb-09 
Feb-10 
Feb-11 
Feb-12 
Feb-13 
Feb-14 
Feb-15 
Feb-16 
Feb-17 

: Feb-18 
Feb-19 
Feb-20 
Feb-21 
Feb-22 
Feb-23 
Feb-24 
Feb-25 
Feb-26 
Feb-27 
Feb'-28 

Operational Parameters 
pH (St Un) 

7.3 
7.6 
7.5 
7.6 
7.4 
7.8 
7.6 
7.6 
7.3 
7.6 
6.9 
7.8 
7.4 
76 
7g 
72 
7c 

76 
7 1 
7.9 

D0(mg02/L) DO(15min) 

5.6 2.3 
5.6 2.3 
5.2 2.7 
5.3 2.3 
5.2 2.1 
5,6 2.2 
5.4 2.3 
5.6 2.1 
6.2 2.1 
5.6 2.2 
5.4 2.1 
5.6 1.9 
6.2 2.2 
5.8 2.3 
5.4 1.9 
5.6 2.2 
5.4 2.2 
5.2 1.9 
5.6 2.1 
5.4 2.2 

Water 

300 
250 
250 
350 
300 
300 
250 
250 
300 
250 
250 
300 
250 
350 
300 
400 
400 
350 

Feed (ml) 
Groundwater 

100 
100 
100 
100 
200 
200 
200 
200 
200 
250 
250 
250 
250 
300 
300 
300 
300 
300 

Analyses 

NH3-N 

0.2 
0.3 
0.1 
0.1 
0.1 
0.2 
0.4 
0.3 
0.2 
0.25 
0.35 
0.6 
0.2 

0.25 
0.3 

0.35 
0.3 
0.2 

Comments 

3.0 g Na2C03 

2.0 g Na2C03 

1.5gNa2C03 

2.0 g Na2C03 
2.0 g Na2C03 
solids recycled R # 1 & 2 
1.5 g Na2C03 
solids recycled R # 1 & 2 
solids recycled R M 1 & 2 
1.5 g Na2C03 
solids recycled R # 1 & 2 

CRA 19023 (10) 
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TABLE 5.9 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl, RECOVERY FROM UPSET 

INITIAL ACCLIMATIZATION USING CLAIRTON SLUDGE 

WAUKEGAN MANUFACTURING GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

20-Feb 
21-Feb 

22-Feb 

23-Feb 
24-Feb 

25-Feb 

26-Feb 

27-Feb 

28-Feb 

1-Mar 

2-Mar 
3-Mar 

4-Mar 

5-Mar 

6-Mar 

7-Mar 

8-Mar 

9-Mar 
10-Mar 

11-Mar 

12-Mar 

pH (St Un) 

6.5 
8.1 
8.2 

7.8 

7 6 

7.9 

8 1 
7.8 

7.9 

8.2 

7.8 
8.2 

7.8 

7.6 

7.9 

8.1 

7.S 

7.6 
7.9 

8.1 

7.8 

Opt 

DO ( m g 0 2 / 

5.6 
6.2 

6.3 
5.9 

5.6 
5.4 

5.9 

5.6 

5 4 

6.3 

5.9 
6.3 
5.9 

5.6 

6.3 
5.9 

5.9 

5.6 
5.4 

5.9 

5.6 

ratimal Paramete 

L) DO(15min) 

1.9 
2.2 

2.3 

1.9 

2.1 

2.2 

1.9 

2.1 

2.2 

2.2 

2.3 
1.9 

2.2 

2.3 

2.2 

2.3 

1,9 
2 1 

2.2 

1.9 

rs 

Feed (ml) 
Water 

3000 
3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 
3000 
2800 

2700 

2700 
2700 

2700 

2700 

2700 

2700 

2700 

Groundwater 

0 
0 

0 

0 

0 
0 

0 

0 

0 

0 

0 
0 

200 

300 

300 

300 

300 

300 

300 

300 

300 

TKN load (mg/L) 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

10.5 

15.8 

15,8 
15,8 

15.8 

15.8 

15.8 

15.8 

15.8 

Effluent Analytical Data ( m ^ l ) 

COD NH3-N N03-N VSS 

135 

140 
180 

160 

155 
118 

130 

110 

116 

122 

130 
108 
120 

86 

84 

71 

74 

69 
59 

60 

62 

7.8 

13.6 
16.2 

14.3 

6.8 
11.4 

8.6 

7.6 

8.8 

7,8 

7,2 
7.2 

0.5 

0.8 

0 9 

0.15 

0.22 

0.6 

0,3 

0,16 

0.4 

102 

93 

78 
79 

80 

72 

56 

42 

36 

32 

29 
27 

34 

36 

39 

41 

45 

48 
52 

56 

58 

103 

60 
98 

88 

73 
70 

36 

54 

57 

46 

59 

48 
42 
47 

38 

18 

32 

41 

16 

26 

32 

MLVSS 

19000 

16000 

9300 

7700 

Comments 

2.0 g Na2C03 , no feed 

5,0 g Na2C0.3, no feed 
5.0 g Na2C03 , no feed 

3.0 g Na2C03 , no feed, 2 ml Buffer 

2.0 g Na2C03 , no feed, 2 ml Buffer 
1.0 g N a 2 C 0 3 , no feed 

1.0 g Na2C03 , no feed 

4.0 g Na2C03 , no feed 

1.0 g N a 2 C 0 3 , no feed 

3.0 g Na2C03 , no feed 

1 .0gNa2CO3,nofeed 
1.0 ml buffer. 300 ml AS R#3 
1.0 ml buffer, 500 ml AS R#3 

1.0 ml buffer, 300 ml AS R#3 

1,0 ml buffer, 300 ml AS R#3 

additional heater & aerator 

CRA 190» (10) 
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TABLE 5.10 

SUMMARY OF ANALYTICAL DATA A N D OPERATIONAL PARAMETERS FOR SBR2, RECIOVERY FROM UPSET 

I N F n A L ACCLIMATIZATION USING CLAIRTON SLUDGE 

WAUKEGAN MANUFACTURED GAS A N D COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

20-Feb 

21-Feb 

22-Feb 

23-Feb 

24-Feb 

25-Feb 

26-Feb 

27-Feb 

28-Feb 

1-Mar 

2-Mar 

3-Mar 

4-Mar 
5-Mar 

6-Mar 

7-Mar 
8-Mar 

9-Mar 

10-Mar 

11-Mar 

12-Mar 

pH (St Un) 

7.5 

76 

78 
78 

76 

7.9 

78 

7.8 

7.9 

7.5 

78 
7.4 

78 
7.6 

79 

81 

7.8 

7.6 

79 

8.1 

7.6 

Opera 

.OO (mg02A) 

5.6 
6.2 

6.3 
6.1 

5.6 

54 

5.9 

5.6 
5.7 

6.3 

5.A 

6.?-

5.9 
6.2 

6.;. 

6.2 
5.9 

5.() 

5.4 

5,9 

5,(. 

tional Parameters 
DO(15 win) _ 

2,1 

2.2 

2.3 
1.9 

2.1 

2.2 

1.9 

3.1 

2.2 
2.2 

2.3 

21 
2.2 

2.2 

2.2 

2.3 

1.9 

2.1 

1.8 

2.3 

Feed (ml) 
Water 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 
3000 

3000 

3000 
2800 
2700 

2700 

2700 

2700 

2700 

2700 

2700 

2700 

Groundwater 

0 
0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

200 
300 

300 

300 

300 

300 

300 

300 

300 

TKN load (mg/L) 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

9.6 
14.4 

14.4 

14.4 
14.4 

14.4 

144 

14.4 

14.4 

Effluent Analyt ica l Da ta (mg/L) 
COD 

240 

190 

160 
170 

160 

110 

140 

130 

150 

120 
110 

98 
120 
98 

92 

78 
84 

76 

82 

34 

59 

NH3-N 

73 
19.1 

21 
17 

171 

105 

12.6 
10.2 

9.2 

8.6 

5.2 

5.0 

0.16 
0.3 

0.22 

a i3 
0.52 

0.35 

0.12 

0.2 

0.11 

N 0 3 - N 

% 
86 

75 
73 

72 

68 

53 

35 

32 
29 

28 

26 
36 
38 

40 

45 
49 

54 

58 

63 

68 

VSS 

60 

190 
180 

64 

59 

18 
9 

12 

24 

22 

25 

38 
54 

60 

26 

53 

32 

28 

36 

38 

MLVSS 

18000 

15000 

-
-
-

16200 

13300 

12700 

Comments 

2.0 g Na2C03 , no feed 
1.0 ml buffer, 200 ml AS R # 3 

5.0 g Na2C03 , no feed 

1.0 nU buffer, 200 ml AS R # 3 

1.0 ml buffer, 200 ml AS R # 3 

1.0ml buffer, 200ml AS R # 3 

1.0 ml buffer 

1.0 ml buffer, 200 ml AS R # 3 

1.0 ml buffer, 300 ml AS R # 3 

1.0 ml buffer 

1.0 ml buffer 

1.0 ml buffer 

1.0 ml buffer 

additional heater & aerator 

CRA 1902.1 (10) 
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TABLE 5.11 

SUMMARY OF ANALYHCAL DATA AND OPERATIONAL PARAMETERS FOR SBRl (HRT =7.5 djys) 

INrrlAL ACCLIMATIZATION USING CLAIRTON SLUDGE 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Page 1 of 2 

Date 

M i r - 0 3 

Mar-04 

Mar-05 

Mar-06 

Mar-07 

Mar-08 

Mar.09 

Mar-10 

M a r - n 

Mar-12 

Mar-13 

Mar-14 

Mar-15 

Mar-16 

Mar-17 

Mar-18 

Mar-19 

Mar-20 

Mar-21 

Mar-22 

Mar-23 

Time 

9:30 

17:30 

8:30 

17:30 

8:30 

17:00 

9:00 

17:00 

9.30 

17.00 

9:30 

17:30 

8:30 

17:30 

9:00 

18:00 

9:00 

17:30 

9:00 

17:00 

9:00 

16:30 

8:30 

17:00 

9:00 

17:00 

9:00 

16:30 

9:00 

17:30 

8:30 

18:00 

B :00 

8:30 

17:00 

23:00 

9:00 

17:00 

23:00 

9:00 

17:00 

23:00 

9:30 

16:30 

23:00 

9:30 

16:00 

23:00 

Opemt io t ta 

f iH (SI Un> DO (il lgC 2/1) DO (I . ' . l in»)_ 

7.7 

7.3 

7.4 

8.1 

7 8 

7.8 

7.9 

7.6 

7 8 

7.7 

7 8 

8.1 

8 

g.l 

7 8 

7.9 

7.7 

7.8 

8.1 

7 8 

7 5 

7.7 

7.8 

7.7 

7.6 

7.6 

7.5 

7.6 

7 7 

7 6 

7 5 

7 6 

7.6 

7 5 

7.6 

7 7 

7.6 

7 6 

7.6 

7 5 

7.6 

7.6 

7 5 

7 5 

7.7 

7.5 

7.5 

7.6 

5.7 

6.5 

5.3 

6.2 

5.4 

5.5 

5.2 

5.7 

5.4 

6 2 

5.4 

5.5 

5.2 

5.7 

5.4 

5.9 

5.7 

6.5 

5.8 

5.7 

5.4 

6.2 

5 4 

5.5 

5.2 

5.7 

5.8 

5.7 

5.7 

6.6 

6.5 

6.4 

6.4 

6.3 

6.6 

6.5 

6.4 

6.8 

6.5 

6.2 

6.4 

6.4 

6.5 

6.4 

6.3 

6.5 

6.6 

6.3 

l .b 

1.9 

2.7 

2 6 

2.2 

2.4 

2.2 

2 6 

1.8 

2.6 

2.2 

2.4 

2 2 

2 6 

1 8 

2 5 

2 6 

1 9 

2 4 

2 5 

5 4 

6 2 

5 4 

5 5 

5 2 

5 7 

5 8 

5 7 

5 7 

6 6 

6 5 

6 4 

6 4 

6 3 

6 6 

6 5 

6 4 

6 8 

6 5 

6 2 

6 4 

6 4 

6 5 

6 4 

6 3 

6 5 

6 6 

6 3 

t P i r a t u e t e r s 

Feed (ml) 

Water Groundwate r 

3000 

2800 

2700 

2700 

2700 

2700 

2700 

2700 

2700 

2700 

1600 

1600 

1600 

1530 

1550 

1500 

1400 

1300 

1200 

1100 

1050 

0 

200 

;ioo 

.TOO 

:«o 

300 

.100 

.100 

;ioo 

300 

100 

400 

too 

450 

450 

300 

600 

700 

300 

900 

950 

Temperature 

( o Q 

26 

25 

25 

26 

26 

26 

27 

27 

26 

26 

26 

26 

26 

26 

27 

27 

28 

28 

27 

27 

27 

27 

27 

27 

27 

27 

26 

27 

27 

28 

28 

28 

28 

28 

27 

27 

28 

27 

28 

28 

28 

29 

28 

28 

28 

28 

28 

28 

T K N load ( m g / L ) * 

0 

10.5 

15.8 

15.8 

15.8 

15.8 

15.8 

15.8 

15.8 

15.8 

21.1 

21.1 

21.1 

23.7 

23.7 

26.3 

31.6 

36.9 

42.1 

4 7 4 

50.0 

C O D 

108 

120 

86 

84 

71 

74 

69 

59 

60 

62 

58 

45 

49 

52 

48 

53 

70 

43 

49 

E/ f luenl A n a l y t i c a l D a t a (mg/L) 

N H 3 - N ( ' ) N 0 3 - N 

7.2 

3.8 

0.5 

0.6 

0.8 

0.7 

0.9 

0.4 

0.15 

0.22 

0.18 

0.54 

0.6 

0.8 

0.3 

0.22 

0.16 

0.2 

0.4 

0,22 

0.25 

0.18 

0.28 

0.32 

0.38 

0.24 

0.2 

0.28 

0.16 

0.44 

0.12 

0.77 

0.8 

0.09 

0.67 

0.58 

0.2 

0.65 

0.8 

0.52 

0.34 

0.36 

0.26 

0.48 

0.46 

0.17 

0.37 

0.42 

27 

34 

36 

39 

41 

45 

48 

52 

56 

58 

64 

68 

72 

74 

81 

88 

100 

110 

120 

rss 

56 

48 

53 

49 

23 

39 

46 

19 

31 

44 

23 

17 

35 

42 

33 

25 

55 

20 

30 

VSS 

48 

42 

47 

38 

18 

32 

41 

16 

26 

32 

20 

10 

27 

36 

28 

18 

36 

15 

22 

_ A f t V S S W i r S S 

R a t i u 

9300/13«)0 

R = 0.674 

7700/12000 

R =0.641 

7600/11900 

R = 0.638 

N H 3 - N m t r i f 

22.5 

15.5 

15.7 

16.6 

15.8 

15.4 

16.1 

15.9 

20.8 

21.2 

21.0 

23.6 

23.9 

26.4 

31.6 

3 7 5 

42.6 

4 7 5 

50.1 

53.0 

NH3-n i t r /VSS 

( iH i 'L ) 

0.0024 

0.0017 

0.0017 

0.0018 

0.0020 

0.0020 

0.0021 

0.0021 

0.0O27 

0.0028 

0.0027 

0.0031 

0.0031 

0.0035 

0.0042 

0.0049 

0.0056 

0.0078 

Coimnents 

1.0 m l buffer, 500 m l As R # 3 

N e w Feed, 1.0 m l buf fer 

1.0 m l buffer 

1.0 m l buf fer 

1.0 m l buffer 

1.0 m l buf fer 

1 . 0 m l H 3 P O 4 

add i t i ona l heater & aerator 

p H control lers cal ibrated 

1.0 m l buf fer 

500 m l M L f r o m R#3 

CRA 19023(101 
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TABLE 5,11 

SI.IMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl (HRT =7,5 days) 

INrriAL ACCUMATIZATION USING CLAIRTON SLUDGE 

WAUKEGAN MANUFA(rnjRED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

Mar-24 

Mar-25 

Mar-26 

Mar-:7 

Mar-28 

Mar-?.9 

Mar-30 

Mar-31 

Apr-ni 

Time 

9:00 
17:00 
23:00 
9:00 
16:30 
23:00 
9:00 
17:00 
23:00 
9:00 
16:30 
23:00 
9:00 
16:30 
23:00 

9:00 
16:30 
23:00 
9:00 
16:30 
23:00 

9:30 
17:00 
23:00 
9:00 
16:00 
23:00 

pH (SI Uii) 

76 
76 
7.5 
7 5 
7.4 
7.5 
7.6 
7.6 
7 6 
7.5 
7.5 
7.4 
7 5 
7 5 
7 5 
7 6 
7.5 
7.5 
74 
7 5 
76 

7.5 
7.3 
7.4 
7 5 
7.5 
7 5 

n o (mgOyi.) 

67 
5.8 
5.9 
5.8 
6 

5.9 
62 
5 8 
6.1 
5.9 
58 
6.2 
5.8 
6.3 
6.4 

5.9 
7.2 
6.4 
6.3 
5.9 
5.8 
6 

74 
6 9 
7.2 
7 

7.2 

Operatiinui 
DO a ; mill) 

67 
5 8 
59 
58 

59 
6 2 
5 8 
61 
5 9 
5 8 
62 
58 
6 3 
64 

59 
72 
64 
6 3 
5 9 
5 8 

74 
69 
72 

t 

72 

I Pirauuters 
Feed (ml) 

Watei 

1000 

900 

800 

630 

50O 

40O 

300 

20O 

lOO 

Grotatdwater 

1000 

1100 

1200 

1350 

1500 

1600 

1700 

1800 

1900 

Teinpemture 
(oC) 

28 
29 
29 
29 
28 
29 
29 
29 
29 
29 
29 
29 
29 
29 
28 
28 
29 
29 
29 
30 
29 
29 
29 
28 
28 
28 
28 

TKN load (mgfl.)* 

52.7 

579 

63.2 

71.1 

79.0 

84.3 

89.5 

94.8 

100.1 

COD 

73 

67 

58 

Effluad AimlytUttl Data (mg/L) 
NH3-NC) N03-N TSS VSS 

0.18 
0.72 
0.52 
0.15 
0.68 
0.3 
0.14 
0.73 
0.86 
0.05 
0.26 
0.43 
0.16 
0.53 
0.68 
0.13 
0.23 
0.46 
0.19 
0.38 
0.42 
0.09 
1.9 

0.82 
0.2 
2.2 
0.88 

162 6 5 

180 12 9 

190 6 5 

_ MLVSS/\a.TSS 
Ratio 

6800/10700 
R = 0.63« 

6540/10100 
R=0.(.48 

NH3-N nitrif 

58.1 

63.8 

71.6 

79.7 

84.4 

89.9 

94.8 

100.4 

NH3-ilih/VSS 
(mg/L) 

0.0085 

0.0094 

0.0105 

0.0138 

0.0145 

0.0153 

Coimnents 



TABLE 5.12 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 (HRT =7.5 days) 

INITIAL ACCUMATIZATION USING CLAIRTON SLUDGE 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILUNOIS 

Page 1 of 2 

Date 

3/13̂ /2003 

Ji^VAHB 

VI5/2003 

3/1^2003 

3/17/2003 

y i 8/2003 

3/I9/200J 

3/20/Ma 

31^1/2003 

3/2V20a3 

3/13/2003 

y24/2003 

V2V2003 

V2e^0O3 

3/27/2003 

I 3/2V20ia 

3/29/2003 

OprrnfioHfil Parmneters 
Time 

\rH<StUi i) 

9:00 7 6 
18:0C 7 5 

9:00 7 6 
18:0C 7 5 
9:00 7 6 
18:0C 7 6 
9:00 7 8 
18:00 7 6 
9:00 7 7 
17:30 7 7 
900 7 6 

18:llC 7 6 

23:M 7 7 
9:00 ' 6 

17:iXI 7 6 

23.M 5 

9:00 7 6 
17:00 7 6 
23:00 7 6 
9:00 7 7 

17:0C 7 6 

23:00 t 

9:00 7 5 
16:3C 7 5 
23:00 7.6 

9:00 
16:00 
23:00 

9:00 

17:00 

23:00 

9:00 

16:30 

23:00 

9.00 

17 00 

23 00 

9:00 

16 30 

23 00 

9:00 

16 30 

23:00 

9:00 

16:30 

23:00 

-.5 

".6 

.6 

.6 

,5 

.6 

.6 

.5 

.6 

A 

.5 

.5 

.1) 

.5 

.5 

.6 

'.6 

-.5 

-.5 

'.6 

D O ( i i igO i / l . ) 

6.-' 
6.5 

6..) 
5.8 
5.9 
6.6 
6.2 
6.4 
6 

6.3 

5.8 

6.4 

6.6 
7.2 

6.6 

6..5 

6.4 
6.4 
6.5 
5.9 

5.3 

6.2 

6.4 
6.4 
6.7 

6.3 
6.2 
6.5 

6.3 
6.6 
6.7 

6.8 

7.3 

6.8 

6.7 

5.8 

6.2 

6.8 

6.6 

6.8 

74 

73 

71 

69 

68 

64 

DOnS mill) 

2.2 
2.2 

2.4 
2.3 
2.2 

2.8 
2.2 
2.6 
2.4 

1.9 

3.2 

_ 
2.8 

2.2 

2.3 

2.4 

2.6 

28 

2.7 

2.6 

29 

2.8 

F«>l (mil 
Water Grounivoater 

1600 400 

1550 450 

1500 500 

1500 500 

1500 500 

1300 700 

1200 800 

lOOO 1000 

900 1100 

700 1300 

600 1400 

400 1600 

300 1700 

200 1800 

200 1800 

100 1900 

100 1900 

TempemtUTe(0 

27 

27 

27 

27 
27 
27 
27 
27 
27 
29 

29 

28 

28 
29 

28 

28 

28 
28 
28 
29 

29 

29 

29 
29 
28 
29 
28 
28 

28 
29 
29 

29 

28 

29 

29 

28 

28 

29 

29 

29 

28 

29 

29 

29 

28 

29 

TKN load (mg/L) 

14.4 

192 

24.0 

24.0 

24.0 

33.6 

38.4 

48.0 

52.8 

624 

67.2 

76.6 

81.6 

86.6 

86.6 

91.3 

91.3 

Effliieiit Analytical Data (ins/L) 

COD 

57 

62 

72 

88 

90 

87 

82 

62 

73 

68 

70 

N H , - N 

0.08 

0.18 
0.36 
0.16 

0.38 
0.2 
0.46 
0.2 

0.38 
0.27 
0.17 

0.39 

0.59 

0.15 

0.41 

0.6 
0.17 
0.64 
0.7 

0.16 

0.51 

0.52 

0.26 
0.58 
0.53 
0.17 
0.43 
0.48 

0.18 
0.63 
0.2 

0.16 

0.19 

0.3 

0.22 

1.5 

5.5 

0.17 

0.76 

0.87 

0.18 

0.92 

0.86 

0.16 

0.68 

0.72 

N O , - N TSS 

72 35 

79 46 

83 48 

87 38 

92 35 

110 33 

130 31 

137 24 

160 30 

210 11 

230 9 

VSS 

24 

39 

39 

32 

27 

22 

22 

16 

28 

7 

8 

MLVSS^MLT 
5S Ratio 

10700/16000 
R-0.668 

9200/14700 

R - 0.626 

NH, -N 
nitr i f 

19.1 

24.2 

24.2 

24.3 

33.7 

38.2 

47.7 

52.3 

62.1 

66.9 

76.3 

81.2 

86.6 

85.3 

90.7 

90.6 

95.5 

N H , -
mVVSS 
(111*1) 

0.00315 

0.0O357 

0.00446 

0.00489 

0.00830 

0.00882 

0.00941 

0.00927 

0.01137 

CoillllKlltS 

1.0 ml buffer 

100 ml ML wasted 

100 ml ML wasted 

100 ml ML wasted 

100 ml ML wasted 

100 ml ML wasted 

100 ml ML wasted 

Feed disconnected 



Page 2 of 2 

TABLE 5.12 

StMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 (HRT =7.5 days) 

INTTIAL ACCLIMATIZATION USING CLAIRTON SLUDGE 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILUNOIS 

Date 

3/3(V2003 

3/31/2003 

W 2 0 0 3 

Ttiiie 

900 

16:.10 

B:00 

930 

17:00 

23:00 

9:00 
16:00 
B:00 

Opemtioiial Parwneters 

pH (St UII) 

74 

7 5 

7 5 

76 

74 

7 5 

7 5 
75 
76 

DO (Hl^O /L> 

6.9 

6.7 

7.2 

6.9 

5.6 

5.8 

5.8 
6.3 
5.'> 

0 0 ( 1 5 wliri; Feed(mn 
Water Groundwater 

2.7 0 2000 

2.8 0 2000 

2.5 0 2000 

Tempentture(C) 

30 

30 

29 

29 

28 

29 

29 
30 
29 

TKN load (mg/L) 

%.0 

96.0 

%.o 

Effluent Amlyt ical Data (mt/L) 

COD N H , - N N O , - N TSS VSS 

MLVSS/MLT 
SS Ratio 

0.18 

0.68 

0.66 

76 0.16 270 12 10 8400/13500 

1.5 R= 0.622 

0.8 

0.2 
0.43 
0.56 

N H , - N 
nitrif 

95.5 

94.7 

-0.2 

N H j -

iiiftA'SS 
(n ig l ) 

0.01137 

0.01127 

-0.00003 

Coilimeiits 

CRA 1TO1311DI 
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TABLE 5.13 Page 1 of 5 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR THE REACTOR SBR-1 

STEADY STATE OPERATION, HRT - 7.5 DAYS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, aLINOIS 

Date 

VV200-

V3/2oa-i 

VV20o;i 

VV2oo:i 

VtpsK:\ 

V7/20o:i 

VV2ao) 

^ / 2 0 0 1 

Vi<V^or3 

VlV20fi3 

VI 2^20(13 

V13/20(I3 

V14/20(I3 

T i n t 

90(1 

1700 

23:011 

9:00 

17:00 

23:00 

9:00 

16:30 

23:00 

9:00 

17:00 

;3:00 

9:00 

17:00 

:3:00 

9:00 

16:30 

:3:C0 

8:30 

17:rO 

;3:ro 
9:f0 

17:30 

:5:00 

9:(iO 

:7:00 

:3:(iO 

9;(lO 

: 6:30 

::3:()0 

8:50 

7:110 

;scio 
9(10 

• 7:;iO 

:!3(io 

9:110 

.7:110 

;!3.()0 

Opera t iona l Parameters 

pH ( i f Un) 

; .4 

7..3 

7.4 

7.4 

7.5 

7.5 

;'.4 

7-.4 

;-.5 

7.4 

:-.5 

7.5 

: ' 4 

:-.4 

7.5 

7.5 

7.4 

".5 

".4 

- 4 

:'.6 

7.5 

" 4 

- .5 

•'.6 

•'.4 

•'.5 

7 5 

•'.4 

' .4 

' .5 

' .5 

74 

7.5 

7.4 

7.4 

7.6 

7.3 

7.4 

I < 0 ( m g 0 2 / L ) 

7.6 

7.4 

7.2 

7.3 

7.5 

7.4 

7.2 

7.5 

e.9 

7.4 

7.2 

7.6 

7 2 

7.3 

7 8 

6 9 

7.4 

7.2 

7.5 

7 4 

7.2 

7.6 

6.9 

7.3 

7.2 

7.6 

7 4 

7.2 

7 3 

7.8 

7 2 

7.6 

7 4 

7.2 

7.3 

7.8 

6.9 

7.4 

D O a S i m n ) 

3.2 

3.4 

3.3 

3.6 

3.1 

3.5 

3.4 

3.2 

3.1 

2.9 

2.8 

2.9 

2.6 

Groundwater (ML) 

2000 

20UU 

2000 

2000 

2UU0 

2000 

2000 

2000 

2000 

2000 

2000 

2UU0 

2000 

Temperature(C) 

29 

29 

29 

28 

28 

28 

29 

28 

29 

28 

29 

28 

29 

28 

28 

28 

28 

28 

28 

29 

28 

29 

28 

28 

28 

28 

29 

28 

29 

28 

28 

28 

28 

29 

28 

29 

28 

28 

28 

TKN load ( m ^ ) 

105.3 

84.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

Effluent Analy t ica l D a t a (mg/L) 

COD N H i - N N O j - N TSS VSS 

0.2 

3.1 

4.1 

58 0.23 280 10 8 

1.5 

2.2 

0.24 

1.6 

0 .% 

0.16 

1.1 

0.88 

0.23 

0.86 

0.82 

0.17 

0.18 

0.68 

0.14 

1.1 

1.6 

62 0.21 350 18 15 

0.3 

0.82 

0.18 

3.1 

1.6 

0.27 

1.3 

0.89 

0.05 

1.2 

0.86 

0.14 

0 .% 

0.65 

0.12 

0.28 

0.32 

MLVSS/MLT 
SS Ra t io 

6730/1040C 

R = 0.647 

6900/10500 

R = 0.657 

7300/11700 

R = 0.624 

9600/13800 

R = 0.695 

N H 3 - N 

nitrif 

84.3 

105.4 

105.2 

105.4 

105.3 

105.2 

1054 

105 2 

1056 

105 2 

1054 

N H 3 -
niti/VSS 

(mg/L) 

0.01289 

0.01611 

0.01527 

0.01527 

0.01442 

0.01443 

0.01442 

0.01100 

0.01096 

0.01097 

CR/M 4023110) 



TABLE 5.13 Page 2 of 5 

SUMMARY OF ANALYTICAL DATA A N D OPERATIONAL PARAMETERS FOR THE REACTOR SBR-1 

STEADY STATE OPERATION, H R T = 7.5 DAYS 

W A U K E G A N M A N U F A C T U R E D GAS A N D COKE PLANT 

W A U K E G A N , a L I N O I S 

Date 

V1V2003 

V1V2003 

tfl7/2O03 

VIV2003 

VtV2003 

V2IV^2003 

V2V2O03 

V2V:oc3 

tfD/2<0li3 

Tint 

Operational Parameters 

pH (<.f Un) 

900 7.4 

17:30 7.4 

23:00 7.5 

9:00 7.4 

17:00 7.4 

23:00 7.5 

9:30 7.5 

16:30 7.4 

23:00 7.4 

9:30 7.5 

17:00 7.5 

23:00 7.4 

9:00 7.3 

16:00 7.4 

23:00 7.4 

8:30 7.5 

16:30 7-.3 

/3:C0 :'.4 

8:C0 ;'.4 

16:C0 ;'.4 

73:C0 7.5 

9:C0 7.5 

16:C0 ".4 

:3:C0 ".3 

8:30 :'.4 

16:30 ".4 

73:10 ".5 

VO(mgOVL) 

7.2 

7.4 

7.3 

7.2 

7.6 

7.4 

7.2 

7.3 

7 8 

7.2 

6.7 

6.2 

6.4 

b l 

5.9 

6.7 

6.2 

6.4 

6.7 

6.2 

6.4 

6.2 

5.9 

6.7 

6.2 

6.4 

63. 

DOflSmtn) Groundwater (ML) 

2.4 2000 

2.2 2000 

2.6 2000 

2.5 2000 

1.9 2000 

2.8 2000 

2.3 2000 

1.8 2000 

Z 2 2000 

Tempemturt(C) 

28 

28 

29 

28 

29 

28 

28 

28 

28 

29 

28 

28 

29 

28 

29 

28 

28 

28 

29 

29 

28 

29 

28 

28 

28 

28 

29 

TKN load ( m ^ ) 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

1107 

110.7 

110.7 

Effluent Analytical Data (mg/L) 

COD N H j - N N 0 3 - N TSS VSS 

0.14 

0.16 

0.63 

0.12 

0.81 

0.76 

0.13 

0.92 

0.64 

0.15 

0.15 

0.26 

0.08 

0.24 

0.33 

0.07 

0.22 

0.31 

40 0.1 380 6 3 

0.17 

0.32 

0.15 

0.22 

0.28 

0.14 

0.18 

0.23 

MLVSS/MLT 

SS Ra t io 

8100/1160C' 

R - 0.698 

8600/12300 

R = 0.699 

N H , - N 

nitrif 

105.3 

105.4 

105.3 

105.3 

105.4 

105.3 

105.3 

110.6 

110.7 

N H 3 -
nitr/VSS 
(mg/L) 

0.01301 

0.01300 

0.01300 

0.01225 

0.01224 

0.01286 

0.01333 

CRA 19023 (10) 



TABLE 5.13 Page 3 of 5 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR THE REACTOR SBR-1 

STEADY STATE OPERATION, HRT •= 7.5 DAYS 

WAUKEGAN MANUFACmjRED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

V2V2003 

V2V20f3 

V2V20C3 

V27/20r3 

V2VJO(i3 

4/29/20(13 

V3(V20(i3 

5/1/2003 

V2/2003 

5/3i/^003 

Tinie 

Opera t ional Parameters 

pH (St Un) 

8:30 :'.3 

16:30 ".3 

:3:CiO ".4 

9:CiO - .4 

16:3.0 :'.3 

::3:CiO -'.4 

B:3.0 ".3 

]e:(iO " 3 

9:'.0 ' ' .3 

18.(10 '.4 

B:50 ' .3 

:6:;;o ' .3 

:3:(10 '73 

9:(10 '.4 

: 7 (10 '.4 

;a.(io ' .4 

8::i0 ' .3 

8:1)0 74 

;a:iio 7.3 

a: io 73 

: 6 :io 7.3 

: a i i o 7.4 

«.30 7 3 

I8:{10 74 

-a:l10 7.3 

9:iX) 7 3 

17:1)0 7.3 

D O (mgOVL) 

5.6 

5.9 

6.1 

6.2 

5.9 

5.8 

6.1 

5.9 

6.2 

5.9 

5.7 

5.8 

6.3 

6.9 

6.6 

5.6 

5.9 

6.1 

6.2 

5.9 

5.6 

5.9 

5.1 

6.2 

5.9 

5.8 

6.1 

D O a S m m ) Groundwater (ML) 

1.7 2000 

1.6 2000 

1.4 2000 

2.2 2000 

1.8 2000 

2.3 2000 

2.2 2000 

1.9 2000 

2.1 2000 

2.2 2000 

29 

29 

29 

29 

28 

28 

28 

28 

28 

28 

28 

29 

29 

29 

29 

29 

29 

28 

28 

28 

28 

28 

29 

29 

28 

28 

28 

TKN load ( m ^ ) 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

Effluent Analy t ica l D a t a (ms/L) 

COD N H j - N N O 3 - N TSS VSS 

0.12 

1.2 

0.68 

0.14 

0.32 

0.68 

0.24 

0.42 

0.16 

0.76 

0.12 

0.83 

0.46 

38 0.1 440 6 4 

0.62 

0.23 

0.08 

0.26 

0.32 

0.07 

0.13 

0.24 

0.1 

0.14 

0.22 

0.08 

0.12 

MLVSS/MLT 

SS Rafr'o 

8300/1190CI 

R - 0.697 

7900/11100 

R - 0 . 7 1 

N H , - N 

nitrif 

110.7 

110.6 

1106 

110.7 

110.7 

110.7 

110.7 

110.7 

110.6 

110.7 

N H , -

niti/VSS 
(mg/L) 

0.01334 

0.01333 

0.01332 

0.01401 

0.01401 

0.01400 

CRA 19023(10) 
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TABLE 5.13 Page 4 of 5 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR THE REACTOR SBR-1 
STEADY STATE OPERATION, HRT = 7.5 DAYS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 
WAUKEGAN, aLINOIS 

Date 

5W2flor 

5^V200;; 

5i«î 2oo:i 

V/200.1 

W200.! 

V/200S 

5/l(V20(3 

Vll/20(3 

SflVKUM 

5/13/2ai3 

rijiie 
Operatiomil Parameters 

pH fyt Un) 

9 01 7.4 
17.00 7.3 
2301 7.4 

9.00 7-.3 
17:00 7.3 

23:00 ;-.4 
8:30 7.4 

16:30 7.3 
23:00 -.A 
9:C0 7.4 

17:C0 7.3 
:3:C0 ;-.4 
9:C0 -.3 

16:30 " 4 
:3:C0 ;-.4 
9:C0 -.4 

17:(i0 -.3 
:3:('0 ".4 

10:Ci0 ".4 
::3:('0 ".3 
10:30 ".4 
:'2:;.0 '.4 
S:;-.0 '.3 

]7:(i0 '.4 
:S:()0 '.3 

9:(10 '.4 
:.7.(I0 7.4 
;!3.(10 7.4 

l>0(mgOVL) 

5.9 
6.2 
5.7 

5.6 
5.4 

5.9 
6.3 
5.9 
5.6 
5.9 
6.1 
6.3 
5.9 
5.3 
5.1 
4.3 
5.8 
5.9 
6.2 
6.4 
5.9 
6.1 
6.2 
5.8 
6.1 
6.2 
7.2 
5.7 

DOflSmin) Groundwater (ML) 

1.8 2000 

1.3 2000 

2.1 2000 

1.8 7000 

1.9 2000 

1.3 2000 

1.9 2000 

2.2 2000 

1.9 2000 

2.1 2000 

Temperature(C) 

29 
29 
28 

28 
28 
29 
29 
29 
29 
28 
28 
28 
28 
29 
29 
29 
29 
28 
28 
30 
29 
29 
29 
28 
28 
30 
28 
28 

TKN load ( m ^ ) 

110.7 

110.7 

110.7 

108.0 

108.0 

108.0 

108.0 

108.0 

108.0 

108.0 

Effluent Analytical Data (mg/L) 

COD NHj-N NOj-N TSS VSS 

0.05 
0.16 
0.18 

0.1 
0.14 
0.2 

46 0.09 470 6 5 
0.1 
0.22 
0.08 
0.2 
0.26 
0.11 
0.28 
0.31 
0.65 
0.26 
0.29 
0.15 
0.27 
0.18 
0.78 
0.37 

0.43 
0.31 
0.22 
1.2 
0.56 

MLVSSmLT 
SS Ratio 

7800/11600 
R = 0.672 

7500/10800 
R = 0.694 

NH,-N 
nitrif 

110.7 

110.6 

110.7 

110.7 

108.0 

107.5 

108.5 

108.0 

107.8 

108.2 

NHj-
niti/VSS 
(mg/L) 

0.01419 

0.01418 

0.01419 

0.01440 

0.01437 

0.01442 



TABLE 5.13 Page 5 of 5 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR THE REACTOR SBR-1 
STEADY STATE OPERATION, HRT = 7.5 DAYS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 
WAUKEGAN, ILLINOIS 

Date 

V14/2D0) 

^15/2003 

5/16/2003 

yi7/2003 

S/18/2003 

Tine 
Operational Parameters 

p H d t U n ) 

901 7.4 
15 01 7.4 
23 00 7.4 

8:30 7.4 

16:30 7.3 
23:00 ;-.4 
8:30 ;-.3 

16:30 7.4 
23:00 7.4 
10:C0 7.4 
:3:C0 7.3 
ll:Ca 7.4 
:3:C0 ".4 

VO (mgQVL) 

7.4 
5.9 
6.2 

6.4 
5.9 
6.1 
5.9 
6.3 
5.8 
4.4 
5.7 
6.1 
5.9 

DO(15 mm) Groumftvatn-(ML) 

3,1 2000 

1.9 2000 

1.8 2000 

2.3 2000 

2.2 2000 

Temperature(C) 

29 
29 
28 

28 
28 
29 
29 
29 
29 
28 
28 
29 
29 

TKN load (mg/L) 

108.0 

108.0 

108.0 

86.7 

86.7 

Effluent Analytical Data (mg/L) 

COD NHj-N NOj-N TSS VSS 

0.09 
0.24 
0.31 

0.08 
0.09 
0.29 
0.1 
0.1 
0.25 
0.12 
0.28 
0.06 
0.23 

MLVS*MLr 
SS Ratio 

7200/9800 
R - 0.734 

NH3-N 
nitrif 

108.1 

108.0 

108.0 

108.0 

86.7 

NH,-
nitr/VSS 
(mg/L) 

0.01502 

0.01500 

0.01500 

0.01500 
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TABLE 5.14 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

STEADY STATE OPERATION, HRT = 7.5 DAYS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Page 1 of 5 

DaU 

WW03 

V3/2003 

4/4<«W3 

VS/2003 

V«/2003 

4/7/2003 

V8/2003 

V9/2003 

Viiyzoos 

V1V2003 

V1^^003 

Time 

"00 

17.00 

23:00 

9-0(1 

17:00 

23:00 

'100 
15:30 
23:00 

'100 

T-:0() 

23:00 

'100 

17:00 

:3:00 

9:0(1 

16:30 

23:00 

8:30 

17:00 

73:00 

9:00 

17:30 

73:00 

9:00 

17:00 

7,3:00 

>00 

16:30 

73:00 

:?:30 

17:0C 

73:00 

Operational Parameters 

f.H (St Un) 

7.A 

7.6 

7.5 

7.4 

7.5 

7.5 

7.4 

7.4 

7.5 

7.4 

7.5 

7.5 

7.4 

7.4 

7.5 

7.5 

7.4 

7.5 

7.4 

7.4 

7.4 

7.5 

7.4 

7.5 

7.5 

7.5 

7.4 

7.5 

7.4 

7.4 

7.4 

7.5 

7.5 

U O ' m g P i / L ) 

;;.8 

...5 

.).6 

•'.3 

•'.5 

•7.4 

".2 

".6 

(i.9 

•'.4 

".2 

•'.6 

•7.4 

7.3 

7.8 

i.9 

7.4 

7.2 

7.4 

7.2 

7.5 

7.4 

7.2 

7.3 

7.8 

5.9 

7.4 

7.2 

7.4 

7.2 

7.6 

i.9 

DOdS min) Groundwater (mL) 

2.8 2000 

3.6 2000 

3.4 2000 

3.7 2000 

3.2 2000 

3.3 2000 

2.9 2000 

3.2 2000 

3.1 2000 

2.9 2000 

2.8 2000 

Temperature(0 

29 

29 

29 

28 

28 

28 

29 

28 

29 

28 

29 

28 

29 

28 

28 

28 

28 

28 

28 

29 

28 

28 

28 

28 

28 

28 

29 

28 

29 

28 

29 

28 

29 

TKN load (mgO.) 

%.o 

96.0 

96.0 

96.0 

%.o 

%.o 

96.0 

%.o 

%.o 

101.3 

101.3 

Effluent Analytical Data (mg/L) 

COD N H , - N N O , - N TSS VSS 

0.14 

0.22 

0.62 

65 0.21 355 12 9 

0.32 

0.46 

0.22 

0.8 

0.14 

0.22 

1.8 

0.28 

0.17 

0.96 

1.7 

0.17 

0.24 

1.6 

0.12 

2.7 

1.4 

71 0.14 360 14 11 

0.11 

0.35 

0.16 

2.8 

1.1 

0.14 

1.3 

0.68 

0.05 

0.82 

0.63 

MLySS-MLT 
SS Ratio 

9400/14500 

R = 0.648 

9000/13900 

R = 0647 

9200/14500 

R = 0634 

NJfj-N 

nitrif 

95.9 

%.o 

%.0 

%.l 

%.o 

%.l 

%.o 

%.o 

96.0 

101.4 

N H , -

nitt/VSS 
(mg/L) 

0.01142 

0.01143 

0.01143 

0.01067 

0.01067 

0.01067 

0.01043 

0.01043 

0.01044 

0.00930 
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TABLE 5.14 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

STEADY STATE OPERATION, HRT = 7.5 DAYS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

4A3/2003 

V1V2003 

Ivisrms 

V16/2003 

V17/2003 

V1V2003 

VI9/2003 

'V2(V2003 

V21/2003 

i/22/2M3 

Time 

':00 

1 7:30 

23:00 

":00 

1 7:0(1 

23:00 

'1:00 

17:3(1 

23:00 

'100 

17:00 

23:00 

'1:30 

16:30 

23:00 

'l:.30 

17:00 

2:̂ :00 

•):0C 

16:00 

-3:00 

;i:3Ci 

16:30 

:y.(y: 

3:30 

16:00 

;3:0C 

3:00 

16:00 

73:00 

Operational Parameters 

pH St Un) 

7.4 

7.5 

7.4 

7.4 

7.4 

7.5 

7.4 

7.5 

7.5 

7.4 

7.5 

7.4 

7.4 

7.4 

7.5 

7.4 

7.4 

7.4 

7.4 

7.4 

7.4 

7.4 
7 5 

7.4 
7.5 

7.4 

7.4 

7.4 

7.4 

7.4 

DOdngOi/L) 

7.4 

7'.4 

::2 

7.5 

;'.4 

;'.2 

:'.3 

V.5 

•'.4 

:'.2 

".3 

•'.6 

•'.4 

•'.2 

:'.3 

•'.6 

".4 

" .2 

•'.4 

•'.2 

•7.3 

7.6 

7.4 

i.8 

7.1 

5.8 

i.2 

3.6 

3.2 

5.2 

DOdS min) Groimdwater (mL) 

2.8 2000 

2.6 2000 

2.9 2000 

2.6 2000 

2.4 2000 

2.8 2000 

2.4 2000 

2.5 2000 

2.1 2000 

1.9 2000 

Temperttture(C) 

28 

28 

28 

28 

28 

28 

29 

28 

29 

28 

29 

28 

29 

28 

29 

28 

28 

28 

29 

28 

29 

28 

29 

28 

29 

29 

28 

28 

28 

29 

TKN load (mg/L) 

101.3 

101.3 

101.3 

101.3 

101.3 

101.3 

101.3 

101.3 

105.3 

105.3 

Effluent Analytical Data (mg/L) 

COD NH, -N N O , - N TSS VSS 

0.14 

0.52 

0.43 

0.12 

0.56 

0.44 

0.14 

0.18 

0.68 

0.12 

2.8 

1.2 

0.13 

1.6 

2.1 

0.12 

0.15 

0.36 

0.1 

0.18 

0.29 

0.12 

0.28 

0.32 

48 0.09 450 16 11 

0.14 

0.32 

0.15 

0.18 

0.28 

MLVSS^LT 
SS Ratio 

10900/16500 

R = 0.660 

9700/14800 

R = 0.655 

9400/14200 

R = 0 662 

Nh ' , -N 

nitrif 

101.2 

101.4 

131.3 

101.3 

101.3 

101.3 

101.4 

101.3 

101.4 

105.3 

N I ! , -

nih/VSS 
(mg/L) 

0.00929 

0.00930 

0.01045 

0.01045 

0.01045 

0.01078 

0.01078 

0.01120 

CRA 19023(10) 
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TABLE 5.14 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

STEADY STATE OPERATION, HRT = 7.5 DAYS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

DaU 

\ i f t3pM3 

V2V3003 

4/2,5;/2M3 

V2«>«»3 

U/27/2003 

J4/28^2»3 

4/29/2003 

^^(vzooa 

5/1/2003 

V? '2003 

5/ym3 

Time 

f 30 

lii:3C 

H:OC 

8:30 

lh:3C) 

21:0(1 

t:00 

16:30 

23:0(1 

f:30 

1«:00 

^30 

1S:00 

f:30 

1 S:3() 

23:00 

'1:00 

17:00 

2300 

fi:30 

18:00 

23:00 

H.3C 

16:310 

23:00 

li:30 

18:00 

23:00 

9:00 

17:00 

Operational Parameters 

pH .St Un) 

7.4 

7.5 

7.4 

7.4 

7.3 

7.3 

7.4 

7.4 

7.4 

7.5 

7.4 

7.5 

7.4 

7.4 

7.3 

7.4 

7.4 

7.3 

7.4 

7.4 

7.3 

7.3 

7.4 

7.4 

7.4 

7.4 

7.3 

7.3 

7.4 

7.4 

D O ( m g O ^ ) 

(.6 

(.5 

(.3 

; .9 

5.8 

5.6 

5.4 

(.3 

(.2 

(-.6 

(..5 

(..3 

(..2 

;..9 

(1.1 

i>.4 

:i.7 

t..2 

1)6 

• i.5 

.i.3 

;.9 

i.8 

i.6 

54 

5.2 

5.6 

5.5 

5.3 

5.9 

DOdS min) Grottndwater (mL) 

1.6 2000 

1.9 2000 

2.1 2000 

2.5 2000 

2.2 2000 

2.1 2000 

1.9 2000 

2.3 2000 

2.2 2000 

2.4 2000 

1.9 2000 

Tempera tu re (C) 

28 

29 

28 

29 

28 

29 

28 

28 

28 

28 

29 

28 

28 

28 

28 

29 

29 

28 

29 

28 

29 

28 

28 

28 

28 

29 

28 

28 

29 

29 

TKN load ( m ^ ) 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

Effluent Analytical Data (mg/L) 

COD NH, -N NO3-N TSS VSS 

0.13 

0.15 

0.22 

0.14 

0.68 

0.42 

0.24 

1.5 

0.72 

0.14 

0.64 

0.11 

0.68 

0.14 

1.1 

0.82 

36 0.09 460 9 6 

0.56 

0.32 

0.08 

0.16 

0.29 

0.09 

0.16 

0.28 

0.12 

0.22 

0.29 

0.09 

0.18 

MLVSS/MLT 

SS R a t i o 

9200/14100 

R = 0.652 

8600/12800 

R = 0671 

Nh'3-N 
mtrif 

11)5.4 

105.3 

135.2 

135.4 

135.4 

1D5.3 

105.4 

105.3 

105.3 

105.3 

105.4 

N U , -
niti-/VSS 
(mgn.) 

0.01145 

0.01145 

0.01144 

0.01146 

0.01225 

0.01225 

0.01224 

file:///ift3pM3
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TABLE 5.14 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

STEADY STATE OPERATION, HRT = 7.5 DAYS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

Sj/^pim 

5/V2003 

' ^^^2003 

5/7/2063 

W 2 0 0 3 

V9/2003 

Vl(y2003 

5AV2003 

5/1^2003 

^3pm3 

V1V2003 

Time 

'):0C 

17:00 

73:00 

9:00 

17:00 

73:00' 

.̂ :3(i 

16:30 

23:01} 

'):00 

17:00 

23:00 

'):00 

16:30 

:3:0C' 

i:0(l 

1:7:00 

73:00 

10:00 

73:00 

10:30 

72:3(1 

?:30 

1-7:00 

::3:0O 

9-00 

•7:00 

::3:00 

9:00 

6:00 

::3:00 

Operational Parameters 

yH (St Un) 

7.3 

7.3 

7.4 

7.4 

7.4 

7.5 

7.4 

7.3 

7.? 

7.4 

7.4 

7.4 

7.4 

7.5 

7.5 

7.4 

7.3 

7.3 

7.4 

7.3 

7.3 

7.4 

7.4 

7.4 

7.4 

7.4 

7.3 

7.3 

7.4 

7.3 

7.3 

DO(mgO:/L) 

5.8 

5.6 

5.4 

5.3 

5.2 

5.6 

5.5 

5.2 

5.9 

5.3 

5.1 

5.8 

5.4 

5.2 

6.1 

5.8 

5.9 

5.7 

5.8 

5.6 

5.5 

5.8 

5.? 

5.2 

4.9 

4.6 

6.3 

5.8 

6.4 

5.7 

5.9 

DO(15 min) Groundwater (mL) 

2.2 2000 

1.8 2000 

2.3 2000 

2.1 2000 

2.2 2000 

1.9 2000 

1.8 2000 

1.6 2000 

1.5 2000 

1.3 2000 

2.2 2000 

Temperature(C) 

29 

30 

29 

30 

30 

29 

29 

28 

29 

29 

29 

30 

29 

29 

29 

28 

29 

29 

29 

29 

29 

29 

28 

29 

29 

30 

29 

29 

30 

29 

29 ^ 

TKN load ( m ^ ) 

105.3 

105.3 

105.3 

105.3 

104.0 

104.0 

104.0 

104.0 

104.0 

104.0 

104.0 

Effluent Analytical Data (mg/L) 

COD NH, -N N O , - N TSS VSS 

0.14 

0.1 

0.26 

0.17 

0.12 

0.23 

34 0.08 490 10 7 

0.11 

0.32 

0.12 

0.44 

0.29 

0.1 

0.28 

0.36 

0.16 

0.24 

0.31 

0.22 

0.29 

0.17 

0.48 

0.25 

0.62 

0.38 

0.18 

1.2 

0.67 

0.46 

1.3 

0.68 

MLVSS/MLT 
SS Ratio 

8400/12500 

R = 0.672 

7900/11400 

R = 0.692 

NH3-N 

nitrif 

105.3 

105.3 

105.4 

105.3 

105.4 

103.9 

703.9 

104.1 

103.9 

104.1 

103.7 

NH3-
nih/VSS 
(ms^) 

0.01253 

0.C1254 

0.01255 

0.01317 

0.01315 

0.01317 

0.01365 

CRA 19023 (10) 
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TABLE 5.14 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

STEADY STATE OPERATION, HRT = 7.5 DAYS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

5/1^2003 

5/16/2003 

!yl7/2003 

5/18/2003 

Timf 

H:30 

16:30 

73:01 

?:30 

16:30 

73O0 

10:00 

73:00 

11.00 

73:00 

Operational Parameters 

pH (St Un) 

7.3 

7.? 

7.4 

7.3 

7.3 

7.4 

7.4 

7.3 

7.3 

7.4 

D O ( m g O ^ ) 

5.2 

5.1 

5.8 

6.4 

6.2 

6.1 

5.8 

6.1 

5.8 

6.4 

DO(15 min) Groundwater (mL) 

2.1 2000 

2.6 2000 

2.7 2000 

1.9 2000 

Temperature(C) 

29 

29 

29 

30 

30 

29 

29 

29 

29 

30 

TKN load (mg/l) 

104.0 

104.0 

77.3 

77.3 

Effluent Analytical Data (mg/L) 

COD NHj-N NO3-N TSS VSS 

MLVSS'MLr 
SS Rflti'o 

0.3 7600/10600 

0.16 R = 0.716 

0.32 

0.18 

0.33 

0.29 

0.12 

0.28 

0.12 

0.31 

Nl i j -N 

nitrif 

104.2 

104.1 

104.1 

77.3 

NH3-

nitr/VSS 
(mg/L) 

0.01371 

0.C1370 
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TABLE 5.15 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 

OPTIMIZATION AT HRT = 5 DAYS, T = 30°C AND PROLONGED FEED 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT SITE 
WAUKEGAN, ILLINOIS 

Tlnff 
LJULt 

May-27 

May-28 

May-29 

May-30 

May-31 

Jun-01 

Jun-02 

Jun-03 

Time 

Operational Parameters 

pH (St Un) 

8:30 7.3 
18:00 7.5 
23:00 7.6 

9:00 7.5 
17:00 7.6 
23:00 7.5 
8:00 7.4 

16:30 7.4 
:a:()0 7.3 
8:30 7.3 

;i7:(K) 7.3 
3:00 7.5 
10:00 76 
?3m 7A 
9:00 73 

23:00 7 3 
9:00 7.3 
18:00 7.5 
3:00 74 
9:00 7.4 

18:00 7.3 
23:00 7.3 

DO(mgOyL) 

5.9 
5.9 
5.8 
6.3 
6.4 
5.9 
6.1 
6.1 
5.9 
6.3 
6.1 

5.9 
6.3 
6.1 
5.9 
5.8 
6.1 
5.9 
6.3 
6.1 
5.9 

DO(15 min) 

2.2 

2.8 

2.6 

2.9 

2.4 

2.8 

2.1 

2.4 

Feed (ml) 

2100 

2100 

2200 

2300 

2300 

2400 

2500 

2600 

Temp 

29 
30 
29 
29 
30 
29 
30 
28 
29 
29 
29 
30 
28 
29 
29 
29 
30 
29 
30 
28 
29 
29 

Analytical Data | 

TKN load 
(mg/L) 

91.0 

91.0 

95.3 

99.7 

99.7 

104.0 

108.3 

112.7 

MLVS^^LTSS 
Ratio 

6700/9600 
R = 0.698 

7200/10700 
R = 0.673 

7100/10500 
R = 0.676 

NHj-Nin 
Mixed 
Liquor 

0.11 
0.35 
0.22 
0.14 
0.2 

0.28 
0.14 
0.64 
0.43 
0.11 
0.61 
0.32 
0.71 
0.23 
0.06 
0.19 
0.07 
0.09 
0.14 
0.04 
0.12 
0.19 

CRA 19025 (10) 
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TABLE 5.15 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 

OPTIMIZATION AT HRT = 5 DAYS, T = 30°C AND PROLONGED FEED 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT SITE 

WAUKEGAN, ILLINOIS 

Date 

Jun-Oi 

Jun-05 

Jun-06 

Jun-07 

Jun-08 

Jun-09 

Jun-10 

Time 

8:30 
17:00 
23:00 
9:00 
].7:00 
:L3:00 

9:30 
-.7:00 
:>3:00 
10:00 

:L3:00 

9:00 
23:00 
8:30 
17:00 
23:00 
8:30 
17:00 
23:00 

Operational Parameters 

vH (St Jn) 

7.3 
7.3 
7.3 
7.5 
7.3 
7.3 
7.3 
7.5 
7.3 
7.3 
7.3 
7.5 
7.4 
7.4 
7.3 
7.5 
7.4 
7.4 
7.6 

D0(mg02A) 

6.2 
6.4 
6.1 
5.7 
6.1 
5.9 
5.8 
6.1 
5.9 
6.1 
5.9 
5.8 
6.3 
5.9 
6.1 
5.9 
6.1 
6.2 
5.9 

DOdSmin) Feed (ml) 

1.9 

1.8 

1.6 

1.8 

1.5 

1.4 

1.3 

2700 

2800 

3000 

3000 

3000 

3000 

3000 

Temp 

29 
28 
29 
29 
28 
29 
29 
29 
28 
28 
29 
29 
29 
28 
28 
28 
29 
30 
29 

Analytical Data | 

TKN load 
(mg/L) 

117.0 

121,3 

130,0 

130,0 

124.0 

124,0 

124,0 

MLVSS/MLTSS 
Ratio 

7300/10800 
R = 0,675 

NHs-Nin 
Mixed 
Liquor 

0.07 
0,05 
0.09 
0,08 
0.82 
0.28 
1,2 
0,8 
0.16 
0,68 
0,46 
0.07 
0,18 
0,96 
0,05 
0,25 
0,06 
0,08 
0,11 

Page 2 of 2 
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TABLE 5.16 

SUMMARY OF ANALYTICAL DATA A N D OPERATIONAL PARAMETERS FOR SBR2 

OPTIMIZATION AT HRT = 5 DAYS, T = 30°C A N D PROLONGED FEED 

WAUKEGAN MANUFACTURED GAS A N D COKE PLANT SITE 

WAUKEGAN, ILLINOIS 

t Date 

May-27 

May-28 

May-29 

May-30 

May-31 

Jun-01 

Jun-02 

Jun-03 

Time 

8:30 

18:00 

23:00 
9:00 

17:00 

23:00 
8:00 

16:30 

23:00 

8:30 

17:00 

23:00 

10:00 

23:00 

9:00 

23:00 

9:00 
18:00 

23:00 

9:00 
18:00 

23:00 

Operational Parameters 

pH (St Un) 

7.4 
7.5 
75 
7.4 
7.3 
7.3 
7.4 
7.4 
7.3 
7.3 
7.3 
7.3 
7.3 
7.\ 
7.3 
7.3 
7.4 
7.5 
7.4 
7.5 
7.3 
7.4 

DO(ngO./L) 

(.2 
;;.9 
:;.8 
(>.4 
!i.7 

li.9 

i;.8 

!i.7 

:i.9 

;i.8 
(.4 

li.9 

:5.8 

6.4 
5.7 
5.9 
.5.2 

•5.1 

5.9 
5.2 

.5.3 

D O d S m i n ) Groundwater (mL) 

2.6 2000 

2.9 2000 

2.4 2100 

2.2 2100 

2.1 2100 

2.7 2100 

2.3 2100 

2.5 2400 

Temperattire(C) 

29 
30 
29 
29 
30 
31 
33 
29 
29 
29 
29 
29 
30 
29 
29 
30 
30 
29 
29 
29 
30 
29 

TKN load (mg/L) 

77.3 

77.3 

81.2 

81.2 

81.2 

81.2 

81.2 

92.8 

A7iahitical Da ta \ 

MLVSS/MLTSS Rat io NH3-N 

R = 0.736 

6900/9900 
R = 0.697 

6700/9500 

R = 0.726 

n Mixed Liquor 

0.1 
0.22 

0.29 
0.14 

0.2 
0.16 
0.14 

0.18 

0.26 

0.21 

0.35 

0.19 

2.8 
0.16 

0.08 

0.21 
0.11 

0.41 
0.32 

0.1 
0.08 

0.16 

CRA 19023 (10) 
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TABLE 5.16 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

OPTIMIZATION AT HRT = 5 DAYS, T = 30°C AND PROLONGED FEED 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT SFFE 

WAUKEGAN, ILLINOIS 

j Date 

Jun-04 

Jun-05 

Jun-06 

Jun-07 

Jun-08 

lun-09 

Iun-10 

Jun-11 

Ttme 

8:30 
17:00 
23:00 
9:00 

17:00 
23:00 
8:30 
17O0 
23m 
10.-00 
23:00 
9:00 
23:00 
8:30 
17:00 
23:00 
8:30 
10:00 
17:30 
22:00 
8:30 

Operational Parameters 

pH(StUn) 

7.4 
7.5 
7.4 
7.4 
7.3 
7.3 
7.4 
7.3 
7.3 
7.4 
7.5 
7 4 
:'.4 
7 3 
7 2 
'^4 
7.5, 
•7.5. 

•7.4 
•' 7 .5 

I 7.4 

DOOnfOjA) 

6.2 
5.9 
6.1 
6.2 
5.7 
5.9 
5.8 
6.4 
5.7 
5.9 
5.8 
6.4 
5.7 
5.9 
^..7 
5.9 
5.7 
(.2 
E..9 

5..8 

(.2 

DOdSmin) Groundwater (mL) 

2.7 2400 

2.2 2400 

1.5 2700 

1.6 2800 

1.9 2800 

1.7 3000 

1.8 2800 
3.6 

2.4 3000 

Temperature(C) 

29 
29 
29 
28 
29 
29 
29 
28 
29 
29 
28 
29 
29 
29 
28 
29 
28 
29 
29 
29 
30 

TKN load (mg/L) 

92.8 

92.8 

104.4 

108.3 

108.3 

116.0 

108.3 

116.0 

Analytical Data \ 

MLVSS/MLTSS Ratio NH3-N t 

7200/10600 
R = 0.679 

n Mixed Liquor 

0.08 
0.06 
0.12 
0.09 
2.9 
0.22 
0.12 
5.9 
0.28 
0.68 
0.32 
0.08 
0.26 
0.12 
0,5 
0,6 
0,8 
0,6 
0,5 
2.2 

0.13 

CRA 19025 (10) 
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TABLE 5.17 

SUMMARY OF ANALYTICAL DATA AND OFERATIONAL PAKAMETERS FOR SBRl 

STEADY STATE OPERATION AT S DAYS HRT, 30*C AND QUICK FEED TIME 

WAUKEGAN MANUFACTWIED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

1 Dt te 

lun-02 

|un.03 

)un-C4 

Jun-05 

|un.06 

|un-07 

lun-OS 

Iun-09 

Iun-10 

Jun-11 

Jun-12 

JuB-13 

Jun-14 

j Jur-15 

Jun-16 

|un-17 

|un-18 

Jun-19 

Juii-20 

juii-21 

Jun-22 

Time 

90O 

leoo 
23 00 
»CIO 

18:00 

23:00 

8:30 
17:00 
23:00 

900 

1700 
23.00 

9 30 

ir.co 

23 00 

10:00 
2 3 W 

900 

23:00 
830 
17:00 

23:CO 
8:30 
1-30 
22:00 

8:30 
5:30 

23:00 

8:30 
r :M 
22:30 
900 

17:00 

23:00 

8:30 

23 00 
900 

2230 
8.30 

17.00 

23:30 

8:30 
1700 

22:30 
8:30 
17:00 
22:30 
830 

22:30 

8:30 
17:30 
23:00 

laoo 

23 00 

9:00 
23:OT 

pH (Si Urn 

7.1 
7 . 

7.1 
7.1 
7 1 

7 J 
7 5 
75 

7 1 

7.j 

7 t 

7 > 

7 1 

7 : 

7 ! 

7.1 
7 1 
7 1 

71 
7 1 
7 1 

75 
7 ; 

7 1 
7 1 

7 i 
7 1 
7 ) 

7 5 

7 t 

74 

75 

75 
75 

75 
74 

74 

7 3 

75 

73 

75 

7 5 

75 
74 
74 
75 

73 

75 

74 
74 
75 

75 
7 5 
7 3 

75 

Ooi ra t iona f arameters 

DC (mgOZ^) i ' O (15 mm, f g t j (ml) 

£8 
61 
59 

«3 

f . l 

! 9 
f.2 

f 4 

( 1 
5 7 

i 1 

59 

5 B 

6 1 

59 

f 1 
; 9 
5 8 

f 3 
^ 9 

f . l 
; 9 

f 1 
; 9 
: 8 
f.5 
f 1 
! 9 

5.8 
(.1 
;.9 

(.3 

(.1 
;..9 

i,.2 

1.4 

I..I 

„.1 

.•.9 

1.8 

".1 

1.9 

1.8 
1.9 
1.9 
.1.8 
1.9 

:i.9 

1.8 

1.9 

...2 

.1.8 

.1.1 
1.7 

..1 

: • • ' 

2.1 

2.4 

19 

1.8 

1.6 

18 

1.5 

14 

13 

I S 

16 

19 

1.9 

2.1 

-.9 

1.8 

-.6 

1.8 

1.7 

1.9 

1.8 

2500 

2600 

270O 

2800 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

300C 

300C 

300C 

3000 

VXK 

3010 

3cai 

Temp 

30 

29 

30 
28 

29 

29 

29 
28 
29 

29 

28 

29 

29 

29 

28 

28 

29 
29 

29 
28 

28 
28 
29 

28 
28 

29 
28 
28 

29 
29 
29 

28 

28 

28 

29 

28 
28 

28 
29 

29 

29 

28 

28 

28 

29 
28 
29 
29 

29 

28 

28 

29 

29 

29 

28 

28 
28 

TKN load ( m ^ ) 

108.3 

1117 

117.0 

121.3 

130.0 

130.0 

124.0 

124.0 

124.0 

124.0 

124.0 

124.0 

124.0 

124.0 

124.0 

104.0 

104.0 

104.0 

104.0 

104.0 

104.0 

Efftuent AnahiUcal Data ( m ^ ) 

COD NH3-N N 0 3 - N TSS VSS 

0.07 

0.09 

0.14 

0.04 

012 

0.19 
007 
005 
0.09 

ooe 

0.82 

0.28 

12 

0 8 

016 

068 
046 
0.07 

018 
096 

O05 

025 
O06 

ooe 
0.09 

0.06 
0.05 
O09 

ooe 
O09 
O07 

006 
0.09 

ooe 
O07 

O09 

O06 

ooe 
005 

006 

ooe 

004 

0.09 

ooe 
O06 
014 
O07 
O05 

0.06 

0.09 

008 
004 
O07 

O05 

0.06 

003 
005 

MLVSyMLTSS 

Rat io 

7100/10500 

R - 0676 

7300/IOeOO 

R = 0.675 

7200/9500 
R = 0757 

6200/9050 
R - 0 6 8 5 

NH3-N n i t r i f NH3-nit l /VSS 

(mg/L) 

104.0 

ioe.4 

112.6 

1170 

1202 

130.5 

130.6 

123.1 

124.9 

124.0 

124.0 

124.0 

124.0 

124.0 

124.0 

124.0 

104.0 

104.0 

104.0 

104.0 

104.0 

( "W^S^ 

Comments 

0.01465 

0.01526 Air How adjusted 

2 di f fuses repJacrf 

0.01586 

0.01648 

100 X feed al 5 HRT 

001789 

0.01686 

0.01711 1 L l v 1 L t a k e n t o r i # 2 

1 L malce up wal.;r added 

0.01722 

0.01723 

001722 

0.01722 

0.02000 2SOmlofMLwastedfor ina ly . ies 

Air flow adjusted 

0.01677 

0.01678 

0.01677 250 in lo fMLwa. i l ed fo rana ly 'es 

250 ml of M L wa'ited for analyses 

250 ml of M L wa'jted for analy!«s 

C1U. 14021(101 
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TABLE 5.17 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 

STEADY STATE OPERATION AT 5 DAYS HRT, 30"C AND QUICK FEED TIME 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILUNOIS 

Dale 

Jun-23 

jun-24 

|un-25 

Jun-26 

Jun-27 

Jun-2S 

Jun-a9 

Jun-30 

Jul-01 

Jul-02 

Jul-03 

Jul^M 

Jul-05 

Jul-06 

Jul-07 

Jul-OS 

Jul-09 

Jul-lO 

Jui -n 

Jul-12 

Ju]-13 

Time 

9:00 
17:00 
22:30 

900 
17:00 
22:30 

900 
1700 
22 30 

9:00 
n:00 
22:30 
900 
17:00 
22:30 

lOOO 

23:00 
830 

22:30 
9:00 
17:00 
22 30 

8:30 
22:30 
9:OT 
17:00 
22:30 

9:G0 

17:00 

22:30 
8:30 
17:00 
23:00 

9:00 

22:30 

8:30 
23:00 

8:30 
14:00 

17:30 
22:30 
9:00 

17:00 

22:30 

8:30 
17:00 
23:00 

8:30 

17:00 

22:C0 

9:00 

17:30 

22:30 

9:00 

22:00 
9 :X 

22:00 

"""•"" Oterat ional I 

p H f S ' U n l DO (mgOZ/L) DO (^5 min 

74 
74 

7 A 
74 
75 
7 3 

75 

75 

7 5 

74 
7 4 
75 

7 5 
7 3 

7 4 

74 
7 3 

7 ^ 

7 3 

73 
73 
74 
74 
74 

7 1 
7 3 

74 
74 
" 4 

9 : 

74 
7 5 
7 3 

7Q 

81 

82 
7 b 

" 8 

7 9 

78 

8(, 

7 t> 

75 

75 

74 

75 

74 

- 3 

- 3 

74 

i 
1.9 

-.1 
i.8 
i.9 
:.9 

1.8 

1.9 

1.9 
1.8 
1.9 
..2 
..8 
.9 
1.9 
.8 

1.9 
1.9 

1.8 
1.9 
1.9 
1.8 

..9 

1.9 
1.8 
-.9 
-.2 

1.8 

i.S 

1.9 

,.9 
3.8 
'..9 

"1.9 

1.3 
3.8 

.1 
3.9 
3.1 

n.9 
3.9 

:..3 

3.9 

s.l 

3.9 

6 

3.9 

3.8 

3.9 

3.8 

5.9 

3.9 

5.6 

5.9 

3.8 
5.9 

5.9 

7..1 

3.8 

-.6 

• .7 

1.6 

1.8 

1.6 

1.6 

-.7 

1.8 

1.7 

1.6 

:!.5 

M 

1.7 

5.2 

1.9 

1.8 

5.3 

2.9 

28 

a rametm 

Tetd (ml) 

3000 

3000 

300C. 

300C 

300C 

3000 

3oa. 

3000 

300C. 

3ca. 

3000 

3oai 

lOOP 

2000 

1000 

1000 

1000 

loon 

llOO 

1200 

120O 

Temp 

29 

29 

30 

29 
30 
30 

30 

29 

30 
29 
29 
30 

29 
30 
30 

30 

29 

29 

30 
29 
30 
30 

30 
29 
30 
30 
30 

30 

30 

30 
30 
29 
30 

30 

31 

30 
29 
30 

30 
30 

30 
30 

30 

30 

29 

30 

30 
30 

30 

X 

30 

30 

30 

30 

29 

30 

30 

TKN load ( m ^ ) 

158.0 

158.0 

158.0 

158.0 

1580 

158.0 

158.0 

1580 

158.0 

158.0 

158.0 

158.0 

52.7 

105.3 

39.3 

39.3 

39.3 

39.3 

43.3 

47.2 

47.2 

Effluent Ana ly t ica l Data (mg/L) 

COD NH3-N N 0 3 - N TSS VSS 

004 

0.06 

004 

O05 
004 
004 

O05 

O06 

003 
005 
004 
006 

004 
005 
O05 
004 

004 
005 

006 
0.03 
005 
0.04 

006 
0.04 

003 
0.04 
0.07 

0.03 
0.03 

ooe 
O02 
O03 
0.05 

1.5 

ooe 
O04 
005 

1.2 
46.5 

4.8 
1.2 

036 

1.6 

043 
014 

078 

083 
2.3 

0.8 

0.3 

1.2 

0.2 

0.6 

oce 
016 

036 

021 

MLVSVMLISS 

Rat io 

5600/7500 
R = 0746 

5400/7200 
R = 0.75 

4800/6300 
R = 0761 

5100/7100 

R = 0.718 

SH3-N n i t r i f 

(mg/L) 

104.0 

158.0 

158.0 

158.0 

158.0 

158.0 

1580 

158.0 

158.0 

158.0 

158.0 

158.0 

156.5 

54.1 

104.2 

4Z9 

40.6 

40.0 

37.8 

42.3 

47.2 

NH3-nitt/VSS 

(mg/ing) 

0.01857 

002821 

0.02821 

002821 

0.02926 

002926 

0.02925 

002926 

0.03261 

0.01128 

002170 

000894 

0.00829 

0.00925 

Comments 

200 ml o f M L waited 

200 ml of M L watted for analy:»s 

2 M ml of M L waited 

200 ml of M L wasted 

250 ml of M L watted for analy.ses 

250 m l of M L wasted for analyses 

200 ml of M L wasted 

200 ml of M L wasted 

200 ml of M L wasted 

pH probe mulfui ict ion, soda a<-fi overfeed 
raw feed stopped, feed wi th Wiiter 

pH adjusted wi th H3P04 
Foaming 

raw feed stopped, feed wi th water 
pH adjusted wiUi H3P04 

pH adjusted wi t l i H3P04 

pH adjusted wi t l i H3P04 
feec reduced 
5 g ? A C a d d e d 

pH adjusted wi t l i H3P04 

feed reduced 

feed reduced 

feed increased 

5 (5 PAC added 

pH idjusted wi t l . H3P04 
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TABLE 5.17 

SUMMARY OF ANALYTICAL DATA AND OFERATIONAL PARAMETERS FOR SBRl 

STEADY STATE OPERATION AT 5 DAYS HRT, 30*C AND QUICK FEED TIME 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

D a t e 

Ju l -14 

Ju l -15 

| u l - 1 6 

) u l - 1 7 

Ju l -18 

J u l - 1 9 

J u l - 2 0 

Ju l -21 

Ju l -22 

| u l - 2 3 

Ju l -24 

Ju l -25 

Ju l -26 

Ju l -27 

Ju l -28 

J u l - 2 9 

J u l - 3 0 

Time 

830 
17:X 
23:00 

830 
17:00 
23:00 

9:00 
1700 
23:00 

9:00 

17:00 

23:00 
9:00 
17:00 
23:00 

9:00 
22:00 

8:00 
22:00 

8:30 

17:00 

23:00 

9:00 

17:00 

23:00 
9.00 
17:0) 
23:00 

9:00 
17:00 
23:00 

9:00 
17:00 
23:00 

900 
22:00 

9KD 

22<n 

8:30 
1700 
23:00 

9:00 

17:00 

22:30 
9:00 

17:00 

22:30 

p H I S l U n i 

7.3 
7 1 
7 5 

7 ) 
75 

7 5 

73 
73 

7 -

7 'i 
7 5 

7 -

7 1 

75 

^ 

V: 
7 -

76 

^̂  

- 3 

- 3 

- 5 

Opfrattona r m r a j n e t e n 

DC' imgOin.) I 'O (15 min. f „ i ( m l ) 

58 
; 9 

(.2 

;.8 
5.9 

;.8 
5 9 

5 8 
:..9 
.'..9 

5.8 

5.9 

5 8 
; 9 
59 
^.1 
1.1 

5.8 
5.9 

5 8 

5.8 

139 

:i.5 

11.5 

i,.6 

I..S 

1.4 

I..6 

1.4 

:-.6 

:-.8 

-.5 

- . 3 

-.8 

- . 5 

" . 5 

•.3 

-.8 

:^.5 

:..8 

S.4 

S.6 

...4 

7.6 

27 

2.5 

:.2 

: 2 

2 1 

:.2 

2.1 

19 

1.4 

2.5 

2.3 

3.2 

3.8 

3.4 

3.3 

3.6 

1.1 

1300 

1400 

1600 

1800 

2000 

22W 

2300 

2500 

2 7 0 0 

3 0 0 0 

3 0 0 0 

3000 

300C 

3ca. 

3C0C 

300C1 

3 0 0 0 

T e m p 

3 0 

31 

30 

3 0 

3 0 

30 

3 0 

3 0 

3 0 

29 

3 0 

3 0 

30 

3 0 

3 0 

3 0 

3 0 

31 

3 0 

3 0 

3 0 

25 

30 

30 

30 

30 

3 0 

3 0 

3 0 

30 

3 0 

3 0 

3 0 

30 

30 

30 

3 0 

3 0 

3 0 

3 0 

30 

30 

31 

30 

3 0 

30 

3 0 

TKN load ( m ^ ) 

51.1 

55.1 

62.9 

708 

78.7 

86.5 

90.5 

98.3 

147.6 

164.0 

164.0 

164.0 

134.0 

134.0 

134.0 

134.0 

134.0 

Effluent Ana ly t i ca l Data (mOL) 

COD NH3-N N 0 3 - N TSS VSS 

022 

0.09 

0.07 

O i l 
0 1 
0 3 

0.16 

013 

014 
018 
O09 
021 

ooe 
0.09 
a i 2 
0.06 

009 

O02 
ooe 
004 

ooe 
O06 

004 

O03 

O06 
O03 

O04 

0.02 

ooe 
O.M 
002 
0.08 
0.04 

ooe 
O 0 6 

ooe 
0.04 
002 

0.08 
004 
008 

006 

ooe 
012 
0 1 

006 

009 

MLVS^MLTS.? 

Rat io 

6600/8700 

R-0.758 

8200/10500 

R = 0.780 

8600/10700 
R-0.803 

7900/10200 

R-0.775 

NH3-N n i t r i f NH3-nit l /VSS 

(mgn.) 

472 

51.2 

55.0 

62.9 

70.9 

78.7 

86.6 

90.4 

98.3 

1476 

164.0 

164.0 

164.0 

134.0 

134.0 

134.0 

134.0 

(mg/mg) 

000925 

0.00834 

0.00953 

001074 

001056 

0.01103 

0.01199 

0.01800 

001906 

001907 

001907 

0.01558 

001696 

0.01696 

C o m m e n t s 

15 g PAC added 

15 g PAC added 

1 5 K PAC added 

10 R PAC added 
I L M L exchange wi th R# 2 

1 L M L e x c h a n g e w i l h R # 2 

1 L M L exchange wi th R# 2 

Heater replaced 

Aerators replaced 

Air flow adjustec, DO calibrated 

Wasted 150 ml M L 

Wasted 150 ml V L 

Wasted 150 ml V.L 

Wasted 150 ml M L 

WaMed200mlK 'L 

Wasted 100ml M L 

CRA IWadDI 
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TABLE 5.18 

SUMMARY OF ANALYTICAL DATA AND OPERA^nONAL PARAMETERS FOR SBR2 

STEADY STATE OPERATION AT 25*C AND QUICK FEED TIME 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Da le 

Jun-02 

Jun-03 

Jun-04 

Jun-05 

Jun-06 

Jun-07 

Jun-08 

Jun-09 

Jun-10 

Jun-11 

Jun-12 

Jun-13 

Jun-14 

Jun-15 

Iun-16 

]un-17 

Jun-18 

Jun-19 

Time 

9:00 

18:00 

23:00 

9:00 

18:00 

23:00 

8:30 

1700 

23:00 

9:00 

1700 

23:00 

8:J0 

17:00 

2300 

10:00 

23:00 

9:00 

23:00 

8:30 

17:00 

23 00 

8:30 

1000 

17:10 

22:00 

8:30 

5:30 

23:00 

8:30 

17:00 

22:30 

9:00 

17:00 

23:00 

8:.30 

23:00 

9:00 

22:30 

8:30 

17:00 

23:30 

8:30 

17:30 

22:30 

8:30 

17:00 

22:30 

8:30 

17:00 

22:30 

pH (Si Uiii 

7.4 

7.5 

7.4 

75 

7.3 

7.4 

7.4 

7.5 

7.4 

7.4 

7.3 

7.3 

7.4 

7.3 

7.3 

7.4 

7.5 

7.4 

7.4 

7.3 

7.3 

7.4 

7.5 

7.5 

7.4 

7.5 

7.4 

7.5 

7.4 

7.5 

7.4 

7.5 

7.4 

7.5 

7.3 

7.4 

7.4 

7.5 

7.4 

7.4 

7.3 

7.3 

7.4 

7.3 

7.3 

7.4 

7.4 

7.5 

7.3 

7.4 

7.4 

Opera t i y iL i l P.iraii ie 

DOiingtJZ/t) DOdSmin 

5.9 

6.2 

6.1 

5.9 

6.2 

6.3 

6.2 

5.9 

61 

5.7 

5.9 

5.8 

6.4 

5.7 

5.9 

5.8 

6.4 

5.7 

59 

5.7 

5.9 

5.7 

6J 

5.9 

5.8 

6J 

4.6 

5.9 

4.9 

5.7 

5.9 

5.8 

5.7 

5.5 

5.f 

5.7 

5.? 

5.8 

5.7 

5.9 

5.f 

6.1 

5.7 

5.? 

5.S 

6.7 

6.1 

6.2 

5.5 

5.8 

:.3 

:.5 

7.7 

:.2 

1.5 

1.6 

1.9 

1.7 

1.8 

.'.6 

:.4 

1.5 

1.6 

-.8 

.6 

-.7 

.9 

.4 

::.i 

ers 

Teed (ml) 

2100 

2400 

2400 

2400 

2700 

2800 

2800 

3000 

2800 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

Temp 

30 

29 

29 

29 

30 

29 

29 

29 

29 

28 

29 

29 

29 

28 

29 

29 

28 

29 

29 

29 

28 

29 

28 

29 

29 

29 

28 

29 

29 

28 

29 

28 

29 

29 

29 

28 

29 

28 

29 

28 

29 

29 

29 

28 

29 

28 

29 

29 

29 

28 

29 

T K N l o a d (mg/L) 

81.2 

92.8 

918 

92.8 

104.4 

108.3 

108.3 

116.0 

108.3 

116.0 

116.0 

116.0 

116.0 

116.0 

116.0 

98.0 

98.0 

98.0 

Effliieid Analytical Data (mg/L) 

COD NH3-N 

0.11 

0.41 

0.32 

01 

0.08 

016 

0.08 

0.06 

0.12 

0.09 

29 

0.22 

012 

5.9 

0.28 

0.68 

0.32 

0.08 

0.26 

0.12 

10.5 

22.5 

Z8 

326 

10.5 

22 

013 

11.3 

0.9 

0.07 

7.9 

0.09 

0.07 

4.8 

0.08 

0.1 

0.09 

0.07 

0.12 

0.06 

5.1 

0.11 

0.05 

5.4 

0.08 

0.07 

0.12 

0.09 

0.04 

0.07 

0.08 

N 0 3 - N TSS VSS 

MtvssMirss 
R a t i o 

6700/9500 

R - 0.726 

7200/10600 

R - 0.679 

6600/9200 

R = 0.717 

6200/9100 

R > 0.681 

t m S - N n i t r i f 

(nign-) 

81.2 

81.2 

92.8 

92.8 

9Z8 

103.8 

108.9 

108.2 

113.3 

110.9 

116.1 

116.0 

116.0 

116.0 

116.0 

116.0 

98.0 

98.0 

NH3-u i t i /VSS 

(«1J<<JJ) 

Coi ianei i ts 

0.01211 Feed changed to 3 c y c l e s / d j y 

001212 

0.01385 

001385 

0.01512 

0.01503 

0.01574 

Feed d i scon t 2 1. M L taken to R3 

A d . l e d : 1L M L f rom R1 and I L water 

0.01758 

0.01758 

0.01757 

0.01758 

0.01871 250 m l M L wasted (or anal)ses 

A i r flow adjusted 

0.01580 

0.01581 

cp* iwadm 
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TABLE 5.18 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

STEADY STATE OPERA^HON AT 25°C AND QUICK FEED TIME 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 
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Date Operalioiuil Pammei ^rs 
pHjStUii) DOfingC-2A) D0(15mii i Feed (ml) Temp \ rKN load (mg/L) COD 

Effluent Aiutlytical Data (mg/L) 
N03-N TSS VSS 

Mivss^mrss 
Rntio 

NH3-N nitrif NH3-nitr/VSS 
(mg/L) img/ntg) 

Conaiients 

Jun-20 

Jun-21 

Jun-22 

Jun-23 

Jun-24 

Jun-25 

Jun-26 

Jun-27 

Jun-28 

Jun-29 

Jun-30 

Jul-01 

Jul-02 

Jul-03 

Jul-04 

Jul-05 

Jul-06 

Jul-07 

Jul-08 

8:30 
17:30 

23:00 

10:00 
23:00 

9:00 
23:00 
9:00 
17:00 
22:30 
8:30 
17:00 
22:30 
9:00 
1700 
22 30 
9:00 
17:00 
22:30 
9:00 
1700 
22:30 
10:00 
23:00 
8:30 
22:30 
9:00 
17:00 
22:30 
8:30 
22:30 
9:00 
1700 
22:30 
9:00 
17:00 
22:30 
8:30 
1700 
23:00 
9:00 
22:30 
8:30 
23:00 
8:30 
14:00 
17:30 
22:30 
9:00 
17:00 
22:30 

1901! (Iff) 

7,4 
7.5 

73 
7.4 
7.4 

6 J 
7,4 
7J 
7.4 
7J 
7.4 
7.3 
7.4 
7.4 
7S 
73 
7.4 
7.4 
7.4 
73 
73 
7.4 
7,4 
73 
7.4 
73 
7.4 
7.4 
7,5 
7.3 
7.4 
7.4 
7.5 
7.3 
7.4 
7.5 
7.3 
7.4 
7.3 
7.4 
7.4 
7,5 
7,3 
7,4 
7.4 
7.5 
7.3 
7.4 
7.3 
7.4 
7.4 

5.7 
5.9 

59 

5.8 
5.7 

5.9 
5.8 
6.1 
5.9 
5.8 
5.9 
5.9 
5.8 
5.7 
5.9 
5.8 
6.1 
5.7 
5.9 
5.8 
5.9 
5.8 
5.7 
5.9 
5.8 
6.1 
5.7 
5.9 
6.1 
62 
6.1 
6.2 
5.9 
6.1 
6.2 
5.9 
6.1 
6.2 
61 
6.2 
59 
6.1 
5.9 
6.1 
6.2 
5.9 
6.1 
6.2 
5.? 
6.1 
6.2 

16 

18 

16 

19 

18 

17 

18 

18 

16 

16 

18 

19 

1.8 

1.9 

;.6 

:.2 

: . i 

;.4 

-.9 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

28 
29 
29 

29 

28 

29 
28 
29 
29 
30 
30 
30 
29 
29 
30 
30 
29 
28 
27 
28 
28 
27 
27 
27 
26 
27 
26 
27 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
25 
25 
26 
25 
25 
25 
25 
25 
25 
25 

98.0 

98.0 

98.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

118.0 

0.05 
6.5 

0.07 

0.05 

0.08 

0.36 

0.18 
0.05 
0.08 
0.06 
0.07 
0.28 
036 
0.18 
0.39 
0.32 
0.02 
0.16 
012 
0.05 
0.08 
0.06 
0.05 
0.12 
0.06 
0.04 
0.05 
0.09 
0.08 
0.04 
0.06 
0.04 
0.05 
0.06 
0.04 
0.08 
0.06 
0.05 
0.08 
0.06 
0.05 
0.08 
0.06 
0.05 
012 
0.06 
0.04 
0.05 
0.09 
0.17 
0.12 

6100/8900 
R = 0.685 

5900/9100 
R = 0.648 

5300/7500 
R = 0.706 

98.0 0.01580 250 ml ML wasted for analyses 

98.0 

97.7 

98.3 

130.0 

130.2 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

130.0 

129.9 

130.0 

0.02129 

200 ml of ML wasted for an^ilyses 

pH probed cloged, pH -• 6.5 for several hou 

200 ml of ML wasted for analyses 

0.02134 Temp adjudted At 28 oC 
250 ml of ML wasted for an.ily5es 

0.02131 200 ml of ML wasted 

0.02203 Temp adjusted at 27 o C 
200 ml of ML wasted 

0.02203 

0.02204 Teni p adjusted a 126 oC 
250 ml of ML wasted for analyses 

0.02204 200mlofMLwc,sted 

0.0:2203 20O ml of ML wasted 

Ratif feed starteil 

0.02453 Temp adjusted at 25 oC 
250 ml of ML wasted for analyses 

0.0:2453 

0.02452 200 ml of ML wasted 
Ne^v batch 

0.Q2453 200mlofMLwis ted 

200 ml of ML wiisted 
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TABLE S.18 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

STEADY STATE OPERATION AT 25°C AND QUICK FEED TIME 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

1 

Date 

Jul-09 

Jul-10 

Jul-11 

Jul-12 

Jul-13 

Jul-14 

Jul-15 

Jul-16 

Jul-17 

Jul-18 

Jul-19 

Jul-20 

Jul-21 

Jul-22 

Jul-23 

Jul-24 

Jul-25 

Jul-26 

Jul-27 

Time 

8:30 

17:00 

23:00 

8:30 

1700 

22:00 

9:00 

17:30 

22:30 

9:00 

22:00 

9:00 

22:00 

8:30 

1700 

23:00 

9:00 

17:00 

23:00 

9:00 

17:00 

23:00 

9:00 

17:00 

25:00 

9:00 

17:00 

23:00 

9:00 

22:00 

8:00 

22:00 

9:00 

17:00 

23:00 

8:30 

17:00 

23:00 

9:00 

17:00 

23:00 

9:00 

17:00 

23:00 

9:00 

17:00 

23:00 

9:00 

22:00 

9:00 

22:00 

pH (St Un) 

7.5 

7.3 

7.4 

74 

76 

77 

75 

74 

76 

75 

74 

77 

73 

76 

74 

75 

96 

7.5 

7.4 

7.6 

75 

74 

77 

7J 

76 

75 

74 

76 

7.5 

74 

7.4 

73 

7.6 

75 

74 

74 

74 

7.J 

74 

74 

7.5 

7.3 

73 

76 

75 

7.4 

7.6 

73 

7.6 

75 

7.4 

OperfllioiKiJPnniHift 

DO'mgO:/ ] ) DOaSi i i r i i 

6.1 

6.2 

5.9 

6.1 

5.9 

61 

6.2 

5.9 

6.1 

62 

61 

6.2 

5.9 

6.1 

5.9 

6.1 

59 

6.1 

6.2 

5.9 

6.1 

6.2 

6.1 

6.2 

5.9 

6.1 

5.9 

61 

6.2 

5.9 

6.1 

5.9 

6 

6.1 

6.2 

5.9 

6.4 

66 

6.8 

65 

67 

6.8 

6.8 

65 

76 

6.S 

6.5 

6.7 

6.8 

6.5 

6.7 

27 

25 

22 

24 

22 

23 

19 

22 

21 

22 

19 

21 

21 

1 8 

28 

31 

38 

2.8 

3.1 

•rs 

Teed (ml) 

3000 

30O0 

30O0 

30O0 

3OO0 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

T a n p 

25 

25 

25 

25 

25 

25 

25 

24 

25 

24 

24 

25 

24 

24 

24 

24 

24 

24 

25 

25 

25 

25 

26 

25 

25 

26 

26 

25 

26 

26 

26 

26 

25 

26 

26 

26 

26 

26 

26 

25 

26 

25 

25 

25 

25 

25 

25 

25 

24 

24 

25 

T K N l o a d (mg/L) 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

164.0 

164.0 

164.0 

164.0 

164.0 

164.0 

E^uoi t Atmlytical Data (wg/L) 

COD NH3-N 

0.05 

0.06 

0.08 

0.17 

008 

007 

008 

0.12 

0.06 

0.04 

0.05 

0.06 

0.04 

0.05 

0.09 

0.09 

03 

0.2 

0.16 

0.16 

021 

0.18 

0.09 

0.07 

0.12 

0.09 

0.08 

0.07 

0.09 

0.14 

0.02 

0.09 

0.D4 

0.06 

0.08 

0.04 

0.05 

0.06 

0.05 

0.07 

0.08 

0.05 

0.06 

0.05 

0.02 

0.08 

0.06 

0.06 

0.03 

0.05 

0.02 

N 0 3 - N TSS VSS 

M.VSS/MLTSS 

R a t i o 

4900/6600 

R = 0.742 

5300/7400 

R= 0.716 

5600/8700 

R = 0.758 

7300/9200 

R = 0.793 

N H 3 - N n i t r i f NH3- t t i t i /VSS 

(mg/L) 

118.0 

117.9 

118.1 

118.0 

118.0 

118.0 

117.8 

118.1 

118.1 

118.0 

118.0 

118.1 

118.0 

118.0 

164.0 

164.0 

164.0 

164.0 

164.0 

(mg/mg) 

0.02227 

0.02409 

0.02408 

0.02408 

0.02403 

0.02229 

0.02228 

0.02226 

0.01789 

0.01788 

0.01788 

0.02247 

0.02247 

0.02246 

0.02247 

C:o»miaits 

250 m l o f M L wasted for aniilyses 

T e i r p adjusted at 24oC 

250 m l o f M L wasted for aniilyses 

5 g : ' A C added 

p H probe mu l func t i on , soda ash overdose 

p H idjustanent v / i th H 3 P 0 4 

N o .rhange in feed 

p H adjustment v / i th H 3 P 0 4 

5 g : ' A C added, temp adjusted a l 25 oC 

15 g P A C added 

temp adjusted at 26 oC 

15 g P A C added 

1L M L exchanged w i t h R # 1 

15 g P A C added 

I L M L exchanged w i t h R # 1 

10 g P A C added 

I L M L exchanged w i t h R # 1 

Aerators par t iy replaced 

A i r f l ow adjustei l 

a i r f l ow adjusted 

Ten-p adjusted at 25 oC 

Wast ing 150 m l c f M L 

W a - t i n g 150 m l of M L 

Wast ing 150 m l (if M L 

CRA 19013 110) 
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TABLE 5.18 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

STEADY STATE OPERA^HON AT 2 r C AND QUICK FEED TIME 

WAUKEGAN MiWXUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Dnte 

Jul-28 

Jul-29 

Jul-30 

Time 

8:30 
17:00 
23:00 
9:00 
17:00 
22:30 

900 
17.00 
22:30 

pH(StUii) 

7.3 
76 
7 5 
74 
74 
7.5 
73 
7,3 
7,6 

DO 
Oi-vratfofiiil Pfirairie 

i m g t m ) D O d S m i n 

6,8 
7 ? 
6,5 

6.7 
6.8 
6.5 
6.7 
6.8 
6.5 

: .9 

7.4 

:.6 

ers 
rad(mti 

3000 

3000 

3000 

Taiip 

24 
24 
24 
24 
24 
24 

24 
24 
23 

TKN load (mg/L) 

134.0 

134.0 

134.0 

Efflumt Analytical Data (mg/L) 
COD NH3-N 

0.02 
0.06 
0.04 
0.03 
0.1 

0.12 
0.09 
0.06 
0.08 

N03-N TSS VSS 
nz-vsvMirss 

Kiitio 
NH3-N nitrif NH3-mtr/VSS 

(mg/L) 

164.0 

134.0 

6100/7800 133.9 
R - 0.782 

(mg/mg) 

0.02197 

0.021% 

CofWHCTltS 

WasbnglSOmlofML 
T e n p adjusted fit 24 oC 

Wasting 200 ml of ML 

Wasting 150 ml ML 

CKA 19013(1-1) 
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TABLE 5.19 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 

OPnMIZATION OF TREATMENT AT DIFFERENT CONDITIONS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILUNOIS 

Pagel of 2 

Date 

Sep-lii 

Sep-1 

Sep-lt; 

Sep-T 

Sep-21 

Sep-21 

Sep-r 

l iUfe 

17:00 

22:30 

9:00 

17:00 

22:30 

9:00 

16:30 

22:00 

9:00 

17:10 

22:50 

9:)0 

17:10 

22:10 

8:50 

22:10 

8: SO 

22: )0 

9:10 

17: )0 

Details f i r Sep-2: li 

Sep-2= 

Sep-2f 

Sep.2: 

Sep-2f 

Sep-2'. 

9;W 

17: X) 

22:10 

9:10 

22:10 

9:10 

22:10 

9:10 

22:10 

9 : » 

17:10 

(yperatioiinl Parameters 

pH (Si UII) 

74 
7.3 
7.4 
7 3 
7.3 
76 
7 5 
7 7 

7 3 
7 3 
7.4 
7.3 
7 3 
7.4 
7.3 
7 3 
7.4 
7 3 
7.5 
7.4 

irScp-25iil 

7.5 
7.7 
7.3 
7 3 
7.4 
7.5 
7.7 

7 3 
7.3 
7.4 

7 3 

D O d i i g C A ) D O d S m i n ) 

6.8 
6.6 
6.6 3.2 
6.8 
6.6 
6.3 2 9 
6.7 
66 
6.7 3.1 
6.6 
6.8 

1 9 
6.8 
6.7 
6.6 3 3 
6.3 
6 7 3.1 
66 
6.8 3.2 
6.7 

Upse.'.' laimuirf Table S.19a 

6.6 3 3 
6.7 
6.8 
67 3.1 
6.7 
66 3.2 
6.7 

6.8 3.1 
6.7 

&•' 3.1 

6.6 

Feed (ml) 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

.3000 

3000 

3000 

3000 

Temp 

21 
22 
21 
21 

21 
20 
21 
21 

20 
20 
20 
20 
20 
20 
21 
21 
20 
20 
21 
22 

29 
29 
27 
25 
25 
23 
23 
23 
22 
23 

rKN/o«<l(.ii|!/L) 

164.0 

164.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

Effllioit 

N H , - N 

0.02 
0.04 
0.02 
004 

0.02 
0.02 
0.04 
0.02 

0.08 
0.05 
0.06 
0.07 
0.08 
0.05 
0.08 
0.02 
0.04 
0.02 
0.03 
0.04 

0.09 
0.06 
0.07 
0.05 
0.06 
0.05 
0.07 

0.04 
0.06 
0.05 

vsyrss 
Ratio 

5900/9200 
R - 0.641 

3900/5900 
R-0 .661 

3800/5200 
R = 0.73 

4400/6300 

R-0 .698 

Analytical Data 

NHi-JL 
Removed 

(mg/L) 

164.0 

164.0 

163.9 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

NH^-H/VSS 

(mg/ni^ 

0.04204 

0.04564 

0.04564 

0.04635 

004684 

0.O4(U5 

0.04045 

Coiiminits 

600 mg FeCI3 added 
Temp, adjusted at 21 oC 
IL of ML replaced with water 
600 mg F e a 3 added 

IL ML replaced with water 

600 mg FeQS added 

600 mg F e a 3 added 
Wasted 150 ml ML 

Wasted 100 ml ML 
600 mg F e a 3 added 
600 mg F e a 3 added 

600 mg F e a 3 added 
Upset induced by t aming off air 

with 2 feed cycles 

600 mg F e a 3 added 
Wasted 150 ml ML 

600 mg F e a 3 added 

600 m g F e a 3 added 
Wasted 150 ml ML 
600 mg F e a 3 added 

600 mg FeQS added 

Unset induced bv NaOH addition lo 

with one feed cycle 

^ H l l S 



TABLE 5.19 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 

OPTIMIZATION OF TREATMENT AT DIFFERENT CONDITIONS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Page 2 of 2 

Dale 

iDttails for 

Ocf-03 

Oct-04 

Oct-05 

Oct-06 

Oct-07 

Oct-08 

Oct-09 

Ocf-lC 

Oct-11 

O c t i : 

Ocl-l? 

Oct-14 

Oct-15 

Oct-lt 

Ocl-17 

lime Operatioiml Parmneters 

i-H^StUM DO 

Sep-Z9 till Oct-} ill Upset 

9:C0 
17:C0 

22:f0 
9:t0 

22:C0 
9:00 

22:00 
8:30 

17:00 
22:30 
9:00 

17:00 
22:30 

8:30 
17:C0 
22:CC 
8:?0 

17:C0 
22:C0 
8:30 

17:C0 
22:C0 
9:C0 

22:C0 
9:C0 

22:-0 
9:tO 

22:(0 
8:?0 

17:«l 

2t(« 
8:.0 

17:(« 
22:IIC 

9:110 

17110 

22:00 

S:̂ 10 

16:110 

7.6 
7.3 
76 
7.5 
7.6 
7.5 
7.3 

7 3 

7.4 
7 3 
7.3 
7.4 

7.3 

7.4 
7.3 
76 
75 
76 
75 
7.8 

77 
7.8 
7.9 
76 
77 
7 8 
78 
7 9 
7 6 

7 8 

7 5 
7.8 
7.9 
7.8 
7.9 
7 8 
7.9 

7 9 

7 8 

( i i f C / l ) DOdSi i ih i ) 

;u.iniiaryTnbIe 5.19b 

6.8 2.9 
6.7 

6.6 
6.6 3.1 
6.6 
6.7 2.9 
6.7 

68 3 
6.7 
67 
6.6 2.8 
68 

6.6 

6.8 2.6 
66 
6.8 
6.7 2.7 
6.6 
6.6 
6.6 2.9 

6.8 
6.7 
6.6 2.6 
6.8 
6.7 2.8 
6.6 
6.8 2.7 
6.7 

6.6 2.8 

6.6 

66 
6.9 3.2 
72 
75 
7.8 3 3 
7.6 
7.2 

7.4 3.5 

71 

Feed (ml) 

3000 

3000 

3000 

3500 

3750 

4000 

4500 

5000 

5000 

5000 

5000 

5000 

5000 

5000 

1800 

roup 

30 
30 

29 
30 
30 
29 
30 

30 

30 
30 
30 
30 

30 

30 
30 
30 
30 
30 
30 
29 

28 
28 
26 
25 
24 
23 
23 
2J 
21 

20 

20 
20 
19 
20 
19 
19 
19 

19 

19 

Atuilytical Data | 

TKN load ( m p U 

178.0 

178.0 

178.0 

207.7 

22Z5 

2373 

2670 

2%.7 

2%.7 

296.7 

2%.7 

2%.7 

2%.7 

2%.7 

106.8 

Effluent 

N H , . N 

0.03 
0.06 
0.04 
0.03 
0.04 
0.05 
0.06 
0.05 

0.03 
0.03 
0.04 
0.05 

0.03 

0.06 
0.05 
0.03 
0.04 
0.05 
0.03 
0.03 

0.04 
0.05 
0.03 
0.03 
0.04 
0.05 
0.03 
0.06 
0.05 

0.04 

0.08 
0.03 
0.11 
0.09 
0.04 
0.03 
O04 

0.02 

0.06 

vsyrss 
Ratio 

4200/6400 
R = 0.656 

4100/6300 

R = 0650 

3600/5500 

R = 0.650 

2900/4600 
R - 0.63 

N H i - N 

Removed 

(mg/L) 

178.0 

178.0 

178.0 

207 

222 

237 

267 

2Sr7 

297 

297 

297 

297 

•2S/7 

297 

NH.-N/VSS 

(mg/mg) 

0.04045 

0.04045 

0.04705 

0.06512 

0.07244 

0.07244 

0.08250 

0.08250 

0.10241 

0.10241 

Cowminils 

600 mg FeCI3 added 
Wasted 150 ml ML 

600 mg FeCI3 added 
Wasted 150 ml ML 
600 mg FeQS added 
Wasted 100 ml ML 
600 mg F e a 3 added 

Feed extended to 4 days HRT 
New Umer installed 
600 mg F e a 3 added 
Wasted 100 ml ML 

Feed extended to 3.5 days HRT 

600 mg FeOS added 
Wasted 200 ml ML 

600 m g F e a 3 added 
Wasted 200 ml ML 

Feed extended to 3 days HRT 

Temp set up at 28oC 
600 mg FeCI3 added 
Temp set up at 25 oC 
600 m g F e a 3 added 
Temp set up at 23 oC 
600 mg F e a 3 added 
600 mg F e a s added 
Wasted 200 ml ML 
600 mg F e a 3 added 

Healer removed 

Wasted 200 ml ML 
600 mg F e a 3 added 
Wasted 250 ml ML 

600 m g P e a S added 
Wasted 250 ml ML 

Last feed to the svstem 

200 mg F e a 3 added 
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TABLE 5.19a 

SUMMARY OF RESULTS FROM HRST INDUCED UPSET AND RECOVERY 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Htmmtf 

Pagel of3 

Date 

Sep-22 

Sep-23 

Time 

17:30 

18:00 

2:00 

8:00 

10:00 

12:00 

13:00 

15:00 

16:00 

17:30 

Action 

Aeratian himod off 

Feed 1000 ml -aw 

Feed 1000 ml -aw 

.Aeration turn.?d on 
TemptTalure iidjusted at 30 oC 
3 L effluent discharged and replaced with water 
Sample of effluent collected for Microtox 

Aeration and mixing turned off 

3 L of supenic tant discharged and replaced with water 
Aeration and mixing turned on 

Aeration and mixing turned off 

3 L of supeniiitant discharged and replaced with water 
Aeration and mixing turned on 
Sample of supernatant coUected for Microtox 

Aeration and mixing turned off 

3 L of supeniiitant discharged and replaced with water 
Aerabon anil mixing turned on 
3L of ML ex.rlianged with Reactor 2 
Sample of filtered ML coUected for Microtox 

pH (St Units) 

7.3 

7.5 

7.4 

7.3 

6.9 

7.4 

7.3 

7.1 

Measurements 
DO (mg/L) 

6.9 

0.6 

6.7 

0.9 

6.6 

0.7 

6.5 

0.9 

Nm-N(mg/l.) 

0.08 

66.5 

12.2 

4.2 

0.28 

0.14 

0.09 

0.06 

Comments 

Mixer still on during feed 
pH controller on 
Temp 22.6 oC 

First washing 

Rel. good settling 

Second washing 

Third washing 

First seeding 

CR*. 19023 (10) 
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TABLE 5.19a 

SUMMARY OF RESULTS FROM HRST INDUCED UPSET AND RECOVERY 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Page 2 of 3 

Date 

Sep-24 

Time 

18:00 

22:00 

2:00 

8:M) 

10:00 

11:00 
12:00 

18:00 

22:00 

Action 

Feed with a mixture 50% raw and 50 % water 
Aeration and mixing turned on 

Monitoring 

"^eed with a mixture 50% raw and 50 % water 

Effluent coU(!Cted for analyses 

Resun-e feed ^vith 75% raw and 25% water 
2L ML exchanged with Reactor 2 
ML saiTiple fo • Microtox 

Biokinetcs measureoients 
Biokinetcs measurements 

Feed v/ith ICO % raw 

Monitoring 

pH (St Units) 

7.2 

7.3 

7.2 

7.3 

7.4 
7.2 

7.3 

7.4 

Measurements 
DO (mg/L) 

6.8 

6.7 

0.2 

6.7 

4.3 
5.8 

6.6 

6.8 

NH3-N(m^.) 

0.05 
(after feed:8.5) 

0.12 

0.04 

0.03 
(after feed:18.6) 

4.6 
0.38 

0.09 

0.12 

Comments 

First feed with 50% raw 

Second feed with 50% raw 

First effluent cifter upset 
Good Settling 

First feed with 75% raw 

First feed with 100% raw 
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TABLE 5.19a 

SUMMARY OF RESULTS FROM HRST INDUCED UPSET AND RECOVERY 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

Sep-25 

Time 

2:00 

8:30 

10:00 
10:15 
10:30 
11:00 
11:15 
11:30 
12:00 
12:30 

15:00 

17:00 
17:15 
17:30 
17:45 
18:00 
18:15 
18:30 
18:45 
19:00 
19:15 

Action 

Feed with 100 % raw 

Monitoring/eifluent 

Monitoring M xed Liquor Ehiring Feed Cycle 

Temperature set up at 27 oC 

Monitoring M xed Liquor During Feed Cycle 

pH (St Units) 

7.2 

7.6 
7.4 
7.2 
7.2 
7.1 
7.2 
7.1 
7.1 

7.7 
7.2 
7.1 
7.2 
7.1 
7.1 
7.1 
7.1 
7.1 
7.1 

Measurements 
DO (mg/L) 

6.6 

6.7 
3.2 
1.8 
1.7 
2.3 
2.4 
2.6 
5.9 

6.6 
2.9 
1.9 
2.1 
2.1 
2.2 
2.5 
2.6 
2.7 
4.4 

Nm-N(mg/l.) 

0.05 

0.06 
5.8 
10,1 
21,4 
14,7 
10,2 
1,2 

0.09 

0,04 
6,2 
10,9 
16,3 
20,2 
14.5 
10.8 
4.4 
1,1 

0.32 

Comments 

Second feed with 100% raw 

First effluent after 2 feed with 100% raw 

Start feed cycle with 100% raw 

End of feed cycle with 100% raw 
Second day of feed with 100% raw 

Start feed cycle with 100% raw 
Temperatiu-e:26,8 oC 

End of feed cycle with 100% raw 

Biokinetics close to that before upset 
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SUMMARY OF RESULTS FROM SECOND INDUCED UPSET AND RECOVERY 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

DaU 

Sep-29 

Sep-30 

Time 

19:00 

.22:30 

8:30 

9:30 

12:00 

13:00 

15:00 

16:00 

19:00 

22:00 

Action 

NaOH S'ilutior i dded to raise pH to ~ 11.5 

Monitorng 

Eifluent coUecteil for analyses and Microtox 

Ti?mperiiture a.ijusted at 30 oC 
pH adjusted wit i phosphoric acid to 7.5 

:5 L effluent discliarged and replaced with water 

Aeration and mi ting turned off 

3 L of supernala it discharged and replaced with water 
Aeration and miicing turned on 

Aeratiori and mixing turned off 

,? L of supetnala it discharged and replaced with water 
Aeratiori and mixing turned on 
Sumple of super latant collected for Microtox 

Aeration ard mixing turned off 

3 L cf siipemalait discharged and replaced with water 
Aeration and mixing tumed on 
3'. of M^ e>;ch.ir ged with Reactor 2 
S.imple ll filtered ML collected for Microtox 

Monitoring 

pH (St Units) 

7,3 

10.8 

9.6 

7.4 

7.5 

7.4 

7.4 

7.5 

7.5 

7.5 

Measurements 
DO (mg/L) 

6.9 

7.2 

6.8 

6.6 

3.8 

6.6 

3.2 

6.5 

29 

6.7 

NH3-N(mg/L) 

0.08 

46.3 

42.6 

16.8 

12.5 

8.3 

4.2 

3.8 

3.5 

Comments 

Mixing and aeration ON 
Temp 22.9 oC 
Substantial foaming. 

First washing 

Bad settling, ferric and anionic polymer added 

Second washing 

Still bad settling,ferric and anionic polymtjr added 

Third washing 

Better settling, no polymer required 

First seeding 

CF 4 19023(10) 
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SUMMARY OF RESULTS FROM SECOND INDUCED UPSET AND RECOVERY 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

DaU 

Oct-01 

'^ime 

2.00 

8:30 

9:00 

10:00 
11:00 
12.00 
13:iX) 

16:00 

18.00 
18:15 
18:30 
18:45 
]9;C0 
19:?0 

22:00 

Action 

Filled wi' h a mixure: 50% raw and 50 % water 

Monitoring 
31. of Ml. exchar.ged with Reactor 2 
Siimple of filtered ML collected for Microtox 

pMd wirh a mix lire: 75% raw and 25 % water 

Monitoring aftei feed 

3i- ot M.. exchnnged with Reactor 2 
Fi!ed with a mixture; 75% raw and 25 % water 

Monitoiing aftei feed 

Monitoiing 

pH (St Units) 

7.3 

7.2 
7.3 
7.3 
7.2 

7.6 

7.5 
7.2 
7.1 
7 

6.9 
7.1 

77 

Measurements 
DO (mg/L) 

6.7 

6.5 
3.8 
4.2 
5.3 

6.8 

2.6 
3.8 
3.7 
3.7 
3.7 
3.8 

6.5 

NH3-N(mfft) 

0.85 

16.6 
8.2 
3.8 
1.1 

0.32 

24.4 
18.8 
14.2 
10.1 
5.9 
1.2 

0.06 

Comments 

First feed with 50% raw 

Good settling but effluent very turbid 

Second seeding 

First feed with 75% raw 
Biokinetics very slow -' 0.1 mgNH3-N/mjn 

Third seeding 
Second feed with 75% raw 

Better biokinetics: 0.37 mgNH3-N/min 
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TABLE 5.19b 

SUMMARY OF RESULTS FROM SECOND INDUCED UPSET AND RECOVERY 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 
WAUKEGAN, ILLINOIS 

Page 3 of 3 

Action 

Feed witli a mi<ture: '75% raw and 25 % water 

Monitoring 

31 of Ml. exchanged with Reactor 2 

Feed with 100% aw 

Monitoring afU î feed 

IL of MI, exchanged with Reactor 2 

Feed with 100% raw 

Momtoring 

Feed with 100% raw 

Monitoring 

Fi'ed with 100% raw 

Monitoring aftei feed 

pH (St Units) 

7.8 

7.2 
7.3 
7 

7.1 
71 
7.1 
7.1 

7.8 

77 

7.7 

Measuretnents 
DO (mg/L) 

6.8 

2.2 
2.2 
2 3 
2.3 
2.3 
2.5 
5.6 

6.8 

6.7 

6.8 

NH3-N(mg/L) 

0.05 

36.5 
32.8 
28.4 
22.1 
17.6 
6.8 
0.22 

0.06 

0.05 

0.06 

7.8 6.7 0.04 

7.4 
7.2 
7.1 
7.1 
7.1 
7.1 
7.1 

1.9 
2.1 
2.1 
2.3 
4.5 
5.6 
6.3 

32.8 
25.1 
18.3 
6.2 
0.39 
0.12 
0.05 

Comments 

Third feed with 75% raw 

Good settling, effluent still turbid 
Fourth seeding 

First feed with 100% raw 

Biokinetics slower as for 75% raw 

Fifth seeding 

Second feed with 100% raw 

Third feed with 100% raw 

Biokinetics recovered to that before upset 

CPA 19023 (101 
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TABLE 5.20 

SUMMARY OF ANALYTICAL DATA FOR SBRl 

BEFORE AND AFTER FIRST INDUCED UPSET 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

(mg/L) 

pH (st Units) 

Ammonia as N 

TKN 

Nitrate as N 

COD 

TOC 

DOC 

Phenols 

Thiocyanate 

Total Cyanide 

TSS 

Arstinic 

Sulfate 

Raw Mix 

7.6 

440 

890 

0.5 

1400 

360 

320 

140 

160 

2.1 

42 

8.3 

190 

Sample 
Raw Mixture Effluent Before Upset Effluent After Upset 

6.9 

<0.05 

<0.2 

460 

120 

44 

17 

0.014 

2.8 

0.14 

32 

0.81 

870 

7.3 

59 

170 

430 

150 

46 

20 

0.014 

10 

0.15 

64 

1.4 

840 

CR.^ 19023(10) 
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TABLE 5.21 

SUMMARY OF ANALYTICAL DATA FOR SBRl 

BEFORE AND AFTER SECOND INDUCED UPSET 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Parameter 
(mg/L) 

pH (st Units) 

Ammonia as N 

TKN 

Nitrate as N 

COD 

TOC 

DOC 

Phenols 

Thiocyanate 

Total Cyanide 

TSS 

Arsenic 

Sulfate 

Raw Mix, 

7.4 

500 

720 

0.5 

1300 

350 

270 

162 

160 

Z7 

14 

6.3 

180 

Sample 
Raw Mixture Effluent Before Upset Effluent After Upset 

7 

0.5 

1.2 

440 

170 

32 

12 

0.013 

3.2 

0.07 

38 

0.74 

890 

9.6 

42 

60 

350 

380 

110 

20 

0.019 

21 

0.35 

107 

1.5 

770 

CR.î  19023 (10) 
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TABLE 5.22 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

OPTIMIZATION OF TREATMENT AT DIFFERENT CONDFTIONS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 
WAUKEGAN, ILLINOIS 

1 D a t t 

AuR-1 ' 

AuR-2r 

Ai ig-2i 

AUJ.-2:'. 

AUR-Z < 

AuK-2.1 

AuK-2; 

AuR-2i 

AuK-2-

Aup-2^ 

Au|.-2P 

[ AUK-3C 

ll 
j A u s - 3 1 

Sep-OI 

S e p O ; 

T ime 

8 30 

I " : * 

2:'.:0C 
COO 

r ' : 'X 

2! (X ' 

f 30 

I-0(1 

22:0(1 
1 :m 

17:0(1 

22:311 

" :00 
220(1 

H::)0 
22 011 

'l:OC 
1.7 011 

22 30 

rt:3C 
1701 
22 011 

•>:X 
17 01 

:2.3'1 

i-3(i 

17.01 

:2:0) 
J:00 

17:01 

:.2:0!) 

9:0(1 

:'2:00 
?:0(1 

::l:30 

9 00 

-.•ji-.m 
B.31> 

7:C0 

.!l:rO 

p H ( S U n ' 

76 

76 
77 

7 5 

7 4 

7 5 

7 6 

7 5 

7 4 
7 4 
7 5 
7 4 

7 4 

75 
73 

7.3 

7 6 

7 5 

76 
7.7 

7.6 

7.5 
76 

7.6 

7.5 

: . t 

: . ( , 
; .5 
; . 6 

; . 6 

:'.6 

:-.5 

:-.6 
• . • 7 

".6 

:-5 
: 6 

• . • .2 

O p e r a t i o n a l Parameters 

D C < m g 0 2 / L I D O (15 m i n ) 

7.9 5.4 

7.8 

7 9 

8 2 5.8 

7 9 

8 1 

7 9 5.3 

8 1 

7 9 
7 8 5.2 

7.9 

7.8 4.9 

7.9 

8.1 5.3 

7.9 

8.1 5.2 

7.9 

3.2 

7.8 4.9 
3.1 
7.9 
7.9 4.8 

3.1 
7.9 

7.8 4.6 

e.1 

8.1 
7.9 4.7 

7.8 

8.1 
7.9 4.5 

8 1 

7.9 4.8 

7.8 
8.1 4.6 
7.9 

7.8 4.5 
7.2 
6.9 

Feed (ml) 

3000 

3000 

3000 

300O 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

Temp 

21 

20 

21 

20 

20.5 

20.5 

20 

20 

20 
20 
20 
20 

20 

20 
19.5 

20 

19.5 

19 

19 
19 

19.5 
19 

19 

19.5 
19 

19 

19 

19 
19 

28 

29 

29 

28 

29 

29 

30 
30 
29 

T K N l o a d (mg/L ) 

142.0 

142.0 

142.0 

142.0 

142.0 

200.0 

200.0 

20O.O 

200.0 

200.0 

144.0 

144.0 

144.0 

144.0 

144.0 

N H , . N 

Effluent 

(mg/L) 

0.04 

0.14 

0.22 

0.06 

0.09 

0.12 

0.06 

0.09 

0.07 
O02 
0.06 
0.08 

0.02 

0.05 
0.03 

0.04 

005 

006 
0.11 

0.04 
012 
0.22 

0.09 

0.18 
0.22 

0.9 
0.24 

0.26 
0.12 

0.06 

0.08 

004 

0.03 

0.02 

0.04 

0.03 

0.02 
0.03 

o.oe 
0.06 

MLVSa/MLTSS 

Rat io 

7300/9400 

7200/9250 

R = 0.778 

7100/9300 

R - 0.763 

6700/8300 

R - 0.81 

N H , - N 

Removed 

(mg/L) 

142.0 

142.1 

1420 

142.1 

142.0 

142.0 

200.0 

200.0 

200.0 

199.2 

200.8 

144.1 

144.0 

144.0 

144.0 

Ana ly t ica l Data 

N H , - N / i ' S S Comments 

(mgfL) 

0.01821 Cool ing adjusted 

Wasted 175 ml M L 

0.01822 Wasted 150 ml M L 

0.01973 CoolinR adjusted 

Wasted 175 m l M L ' 

0.01973 Wasted 10O ml M L 

0 .019^ Wasted 100 m l M L 

CoolinR adjusted 

Coolinf; adjusted 

Wasted 200 m l M L 

Wasted lOO ml M L 

0.02816 700 m l M L taken for respirometrv 
10 R PAC added 

0.02805 

0.02828 CoolinR shut down 

Heating installed 

0.02150 

0.02149 2 5 L M L replaced w i th water 

0.02149 1.0 L M L replaced w i t h water 
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TABLE 5.22 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

OPTIMIZATION OF TREATMENT AT DIFFERENT CONDmONS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

D l t e 

Sep-03 

Sef>.C4 

SepJJB 

Ser>.r6 

S e p . 1 " 

S e p ^ 8 

Sep-CO 

Sep-10 

S e : v n 

S e > ! 2 

S e ; v n 

S e o - H 

Sep-15 

5ep-16 

fime 

8:33 

17(10 

22110 

9:00 

I6::i0 

22:00 

8:30 

17110 

22(10 
9:0n 

U:(IO 
9:00 

22110 
8:33 

17(10 

22:i0 

8:31) 

171)0 

22::i0 

9:00 

I b M 

22(10 

5:00 

I6 : i0 

22110 

9:00 

17(10 

22:10 

9:01) 

221)0 

8:00 

221)0 

8:30 

17:10 

22::i0 

9:C0 

17:1X) 

22::)0 

p H I S t U n ) 

7.6 

7.5 

7.6 

7.7 

7.6 

7.6 

7.5 

7.6 

7.6 

7.6 

7.5 

7.6 

7.7 

7.6 

7.5 

7.4 

7.4 

7.5 

7.3 

7.3 

7.6 

7.5 

7.3 

7.4 

7.4 

7.4 

7.4 

7.4 

7.5 

7.3 

7.3 

7.4 

7.3 

7.3 

7.4 

7.4 

7.4 

7.4 

Opera t t 

DO ( m g O U . ) 

6.8 
6 7 
6.0 

6.6 

6.8 

6.7 

6.8 

6.-

6.9 

6.8 

6.i 
6 7 

6.9 

6 P 

6.6 

6.8 

6.7 

6.8 

6.6 

6.8 

6.7 

6.8 

6 6 

6.6 

6.6 

6.-̂  

6.8 

6.6 

6.8 
6 7 

6.8 

6.7 

6.6 

6.6 

6.6 

6.8 

6 . -

6.8 

ofiflf P a r a m e t e r s 

D O (15 min i 

3.8 

3.2 

3.1 

3.3 

3.2 

3.2 

3.3 

3.4 

3.2 

3.3 

3.2 

3.2 

3.1 

3.3 

Feed (ml) 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

Temp 

30 

29 

30 

30 

29 

30 

30 

29 

30 
31 

30 
30 

29 

30 

29 

29 

30 

30 

29 

29 

29 

30 

30 

29 

29 

30 

30 

29 

30 

28 

27 

28 

27 

27 

27 

26 

25 

23 

TKN l o a d (mg/L) 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

N H , - N 

Effluent 

(mg/L) 

0.03 

0.07 

0.04 

0.03 

0 0 4 

0.03 

0.04 

0.03 

0.02 

0 0 4 

0.04 

0.03 

0.02 

0.04 

0.01 

0.03 

0.02 

0.04 

0.04 

0.03 

0.02 

0.04 

0.03 

0.04 

0 0 3 

0.04 

0.03 

0.04 

0.03 

0.02 

0.04 

0.04 

0.03 

0.03 

0.02 

0 0 4 

0.04 

0.03 

MLVSS/MLTSS 

R a t i o 

4800 /6200 

R = 0.77 

4900 /6600 

R = 0.742 

5100 /7000 

R = 0.728 

N H , - N 

Removed 

(mg/L) 

144.0 

160.0 

160.0 

16O0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

A n a l y t i c a l D a t a 

N H , - H ' V S S Comments 

( m g l ) 

1.0 L ML replaced wi th w a t e r 

0.03333 1.0 L ML replaced wi th wa te r 

0.03333 Was t ed 175 ml ML 

0.03333 450 m(. FeC13 a d d e d 

450 m u FeC13 a d d e d 

0.03265 600 m g F e Q S a d d e d 

0.03266 600 m g F e a 3 a d d e d 

Was ted 175 ml ML 

0.03265 600 m g F e a 3 a d d e d 

Was ted 150 ml ML 

0.03137 900 m g F e O S a d d e d 

Was ted 150 ml ML 

0.03137 900 m g F e O S a d d e d 

Was ted 150 ml ML 

0.03137 T e m p adjusted at 27 o C 

900 m g F e 0 3 a d d e d 

900 m g F e a 3 a d d e d 

Was ted 100 ml ML 

T e m p , adjusted at 25 oC 

900 m g F e a 3 a d d e d 
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TABLE 5.22 

SUMMARY OF ANALYTICAL DATA AND OPERA^HONAL PARAMETERS FOR SBR2 

OPTIMIZATION OF TREATMEKTT AT DIFFERENT CONDmONS 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Dalp 

Sep-1-

Ser>-18 

Sep- l " 

Sep-70 

Se[>21 

Sep - : : 

S?p-23 

Sei>:4 

Sep-25 

Se[-2t, 

Sep-2-

Sep-28 

Sep-2Q 

Sep-30 

O t - O l 

Time 

9:01 

16 :-o 

a i c 

9:00 
I7:(10 

7J!;.0 

9:01 

17C0 

'-2.(10 
8-31 

U K 
8:31 

e:CiO 

9:01 
17.(0 

'.2C0 

8:31 

17 (lO 

! 2 ; o 
9 0 1 

17 (0 

22 :-o 
8:31 

17(0 

u;o 
9:01 

22.(0 

9:01 

22(0 

9:01 
' -2(0 

9:01 

17(0 

'-2(0 

8:31 

17(0 

'.2C0 

9:01 

17(0 

22.;o 

Ojwrat ional Parameters 

p H l S f Un) 

7.4 
7.5 

7.3 
7 3 

7.4 
74 
75 

73 

74 

7.4 
75 
7 3 

7 4 
75 

7 4 

7 5 

7.3 
7,3 
74 

74 

7.5 

73 

74 

74 
75 

7,3 

74 

7.4 
75 

7.4 

7.3 
74 
7 C 

74 

75 

7 3 

74 

78 

D 0 ( m g O 2 / L ) DO (15 min) 

66 3.1 
6.6 
6.7 

6 8 3.1 
6.9 

6.6 

66 2 9 

6.8 

6.7 

6.8 3.2 

6.6 
6.8 3.1 

6.7 

6.8 3.2 
6.6 

6.6 
6.8 3.3 

6.7 

6.8 
6.9 3.2 

6.8 

6.7 

6.7 3.1 

6.6 

6.6 

6.6 3.2 

6.8 

6.7 3.1 
6.8 

6.7 3.1 
6.6 

6.6 2 9 
6.6 

6.7 

6.6 3.1 
S.7 

6.6 

68 3.3 

6.8 

6.9 

Feed (ml) 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

Temp 

25 

24 

25 

24 
23 

24 

23 

23 

23 
22 

23 
23 

22 

22 

23 

23 

23 

22 

22 
23 

23 

22 
22 

23 

23 

23 
22 

22 

23 

23 
22 

23 

23 

23 

22 

22 

23 

23 

23 

23 

T K N load (mg/L) 

160.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

N H j - N 

E f f l uen t 

(mg/L ) 

002 

004 

004 

003 
004 

0.03 

O.CM 

0.03 

002 
004 

0.04 
0.03 

003 

0.02 
0.04 

0.04 
0.03 

0.02 

0.04 
0.04 

0.05 

0.03 
004 

0.03 

004 

0.03 
0.04 

0.03 
a(M 

0.03 
0.02 

oot 
004 

003 

003 
002 

005 

006 

0.O4 

0.03 

MLVSS/MLTSS 

Rat io 

5300/7600 
R - 0 . 6 9 7 

5700/7500 

R - 0.76 

4900/6600 
R - 0.742 

N H , - N 

Removed 

(mgn.) 

160.0 

160.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

Ana ly t 

NH,-N./VSS 

( m g l ) 

0.03019 

0.03358 

0.03358 

0.03123 

0.03123 

0.03123 

0.03633 

0.03632 

0.03633 

cal Data 

Comments 

500 ml M L replaced w i th water 

900 mgFeC13 added 

Temp, adjusted at 23 oC 
Wasted 100 ml M L 

600 mgFeC13 added 

Wasted 100 ml M L 

600 mg FeClS added 

Wasted 150 ml M L 
600 mg Fea3 added 

600 mgFeCI3 added 
Wasted 150 ml M L 

600 mg Fea3 added 

3000 m l M L exchanged w i t h R l 

Wasted 100 ml M L 
600 mg FeCI3 added 

2000 m l M L exchanged w i t h R l 

600 mg FeCI3 added 

Wasted 100 tiU M L 

600 m g F e a 3 added 

Wasted 100 ml M L 

600 m g F e a 3 added 

600 mg Fea3 added 

Wasted 150 ml M L 

600 m g F e a 3 added 
Wasted 150 ml M L 

600 mgPeCIS added 

Wasted 150 ml M L 

3000 m l M L exchanged w i t h R l 

600 mg Fea3 added 

3000 m l M L exchanged w i t h R l 
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TABLE 5.22 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMCTERS FOR SBR2 
OPTIMIZATION OF TREATMENT AT DIFFERENT CONDmONS 

WAUKEGAN MArWFACTURED GAS AND COKE PLANT 
WAUKEGAN, ILLINOIS 

Dale 

Oct-02 

c\-i-c:. 

1 Ori-C-, 

Oct-C:. 

Ocr-0.. 

Oct-0' ' 

Oct-(lll 

O t - O l 

(3c t - l i 

(^:l- l 1 

O c t - 1 : 

C\:t-13 

Oct-11 

a-t-15 

a-t-16 

Orl-17 

T'me 

":00 

17 Oil 

72 31 

• t . K ' 

17.03 

; 2 3 1 

.3-3(1 

:2:31 

?0(i 

;2 :01 

3.311 
17:00 
: J : 3 I ) 

3:311 
v :00 

:-2:30 

17:00 

:2:00 

331! 
•7:00 
:'5:C0 

3 311 

7:C0 

: : i :CO 

9 01 

;'.2:C0 

9 01 

! : 3 0 

9.01 

12(0 

8:31 

17(10 

22.(« 

8:31) 

17:1)0 

22:10 

9: CO 

17:110 

22:lX) 

6 : 3 0 

16:1X1 

Operat ional Parameters 

( •H(S(Un) D C t m g O V L ) D O d S m i n ) 

7 7 

76 

78 

7.5 

7.6 

; .8 

; .6 

7.8 

; .6 

: .6 

: .8 
:-.7 

: .6 

: .8 

•.b 

:'.6 

• a 
" 6 

" 8 

-.6 

•8 

• • 7 

-.7 

• ' .6 

' 8 

' 6 

' 8 

7.6 

7.8 
1 7,7 

7.9 

7.8 

7.8 

7.9 

7.8 

8.1 

8.1 

7.8 

0.8 3.2 

6.7 

6.7 

6.8 3.1 

6.9 

6.8 
6.7 2 9 

6.7 

6.6 2 8 

6.6 

6.6 2 9 
6.8 
6.7 

6.8 3.1 
6.7 

6.6 
6.8 2 9 

b.6 

6.8 
6.9 28 
6.8 
6.7 

6.7 2 6 

6.8 

6.8 

6.9 2 5 

6.8 

6.7 2 8 
6.7 

6.8 2.6 

5.9 

S.8 2.6 

6.7 

6 9 

6 ° 2 8 

6.8 

71 

7.2 3.1 

7 4 

7 6 

7.5 3.4 

7 8 

Feed (ml) 

3000 

3000 

3000 

300O 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

4000 

4O0O 

4000 

1400 

Temp 

22 

22 

23 

23 

22 

22 

23 

23 
23 

22 
22 
23 
23 

22 

23 

23 
23 

22 

22 
22 
23 
23 

23 

22 

22 

21 

20 

20 

20 

20 

20 

19 

19 

19 

20 

19 

19 

19 

19 

19 

19 

19 

T K N load (mg/L) 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

2373 

2373 

237.3 

83.1 

N H j - N 

E f f l u e n t 

( m g / L ) 

0 . 0 2 

0 .04 

0 .04 

0 .03 

0 .03 

0 . 0 2 

0 .04 

0.04 

0 .03 

0 . 0 2 

0 .04 

0 . 0 4 

0.Q3 

O.CM 

0 .03 

0 .04 

0 .07 

003 

0.02 

0.04 
0.04 
0.03 

0.02 

0.04 

0.03 

002 

0.04 

0.04 

0.03 

0.02 

0.04 

0.04 

0.05 

0.11 

0.03 

0.09 

0.12 

0.04 

0.03 

0.06 

0.02 

0.04 

MLVSS/MLTSS 

Rat io 

4600/6500 

R = 0.707 

4500/6600 
R = 0.681 

3900/6100 

R -0 .64 

3100/5200 

R - 0 . 6 

N H , - N 

Removed 
(mg/L) 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178 

178 

178 

178 

178 

237 

237 

237 

Ana ly t i ca l Data 

N H , - N / ^ S 

(mg/l.) 

0.03869 

0.03870 

0.03869 

0.03956 

0.03956 

003956 

0.04564 

0.061)77 

007645 

0.07645 

Comment i 

3000 m l M L exchanged w i t h R l 

Wasted 150 tnl M L 

600 m g F ( ! a 3 added 

1000 m l M L exchanged w i t h R l 

Wasted 150 ml M L 

600 m g F e a S added 

Wasted 150 ml M L 

600 m g F e a 3 added 

Wasted 150 m l M L 

600 m g F e a 3 added 
Wasted 150 m l M L 

600 mg FeaS added 

Wasted 200 ml M L 

600 m g F e a 3 added 

Feed changed 1 hr w i t h m i x i ng only 

Wasted 100 ml M L 

600 mgFeOS added 

600 mg FeCB added 

Wasted 150 ml M L 

600 mg FeQS added 

Wasted 150 ml M L 

Healer removed 

600 m g F e a 3 added 

Wasted 150 ttJ M L 

600 mg Fea3 added 

Wasted 200 ml M L 

600 m g F e a 3 added 

« davs HRT w i t h 75 m i n feed w i t h o u t 

Wasted 200 ml M L 

600 mgFeOS added 

Wasted 250 ml M L 

600 mg Fea3 added 

Wasted 250 m l M L 

600 m g F e a 3 added 

Last feed to the svstem 

200 m g F e a 3 added 

ai r 
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TABLE 5.23 

ANALYSIS OF GROUNDWATER (BATCH 27) AND EFFLUENT FROM SBR2 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Parameter 
(mg/L) 

pH (Std) 
AiTimonia as NH3-N 

TKN 

Nilrate as N03-N 

COD 
Total Organic Carbon 

DOC 
Phonol 
Th ocyanate 
Total Cyanide 
Total Suspended Solids 

Volatile Suspended Solids 

Ariienic 
Sufate 

Raw 
MDCniRE 
2003-10-07 

7.8 
560 

690 

0.5 

1100 
230 
200 
132 
140 
3.4 

35 

28 
10 
210 

SBRl Effluent 

Concetttration 

7.2 
0.09 
0.2 

350 

110 
25 
17 

1.6 
0.08 
24 

19 

0.48 
920 

2003-10-13 

Removal (%) 

99.98 
99.97 

90.00 
89.13 
91.50 

100.00 
99.99 
97.65 

_ 
_ 

95.20 

CP-.î  19023 (10) 
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TABLE 5.24 

RESULTS OF SETTLING TESTS FOR THE REACTOR SBR-2, ON May-21 

WAUKEGAN NITRinCATION STUDY 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date: May 21,2003 

Run 1: lOOX ML, 2L Volume 

TSS = 9900 

(min) 
0 
5 
10 
15 
20 
25 
30 

mg/L 
Volume Settled 

(Qear) 
mL 
0 

510 
620 
660 
670 
680 
690 

Settled (Cleai) 
Height 

mm 
(1 
77 
94 

VH) 

102 
IIH 
105 

];un2: RlJNl 

T!« = 4,901) mg. 

(min' 
0 
5 
1(1 

If. 
20 
2S 
3(1 

revised with 500 ml exchanged 
fotSOOmlEff 

'L 
Volume Settled 

(Oear) 
mL 
0 

650 
700 
740 
770 
7«0 
785 

Settied (aea r ) 
Height 

mm 
0 

99 
106 
113 
117 
119 
120 

Run 3: RUN 2, revised with 750 ml 
exchanged for 750 ml Eff 

TSJ = 1300mK/L 
Volume Settled Setded(aear ) 

(Qear) Height 
(min) mL mm 

0 0 
5 800 
10 840 
15 850 
20 855 
25 860 
30 860 

0 
122 
128 

130 
131 
132 
133 

Run 4: RUN 3, revised with 750 ml 
exchanged for 750 ml Eff 

1 ^ = 350 mg/L 
Volume Settled Settled (Qear) 

((Hear) Height 
(min) mL mm 

0 0 
5 890 
10 920 
15 940 
20 950 
25 955 
30 960 

0 
136 
140 

143 
145 
146 
147 

Run 5; RUN 1, revised vnith 750 m exchange 
for 750 ml Eff 

rSS = 105mf;/L 
Volume Settled Settled ( aea r ) 

(Clear) Height 
(min) mL mm 

0 0 0 
5 910 138 
10 940 143 
15 950 145 
20 960 147 
25 965 148 
30 970 149 
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TABLE 5.25 

SETTLING TEST FOR THE REACTOR SBR-1 
ON AUGUST 14 

WAUKEGAN NITRIFICATION STUDY 
WAUKEGAN MANAFACTTJRED GAS AND COKE PLAN^F 

WAUKEGAN, ILLINOIS 

Run 1:100% ML 

TSS = 8200 m g / L 
(min) 

0 
5 
10 
15 
30 
45 
60 
75 
100 

ft 

0 
0.17 
0.26 
0.28 
0.31 
0.33 
0.34 
0.35 
0.36 

cc/L 

1000 
750 
490 
450 
390 
340 
295 
250 
210 

CTL^ 19023 (10) 
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TABLE 5.26 

MEASUREMENTS OF SLUDGE AND CLEAR LIQUOR AFTER SETTLING 

WAUKEGAN NITRIFICATION STUDY 

WAUKEGAN MANAFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Dati 

Aijg-;!9 

A.ig-;io 

Aug-:!i 

Sep-n 

Sep-C2 

Sfp-r3 

Sep-C4 

Scp-10 

S<?p-12 

Sep-1.3 

Sep-;:? 

Oi:t-(6 

Oi:t-(l6 

Oct-TO 

O c H 5 

Top levf I 

(tw) 

30 

29 

29 

30 

29 

29 

29 

30 

30 

30 

29 

30 

30 

30 

30 

Reactor 1 
Clear Liquor 

(cm) 

21 

21 

22 

22 

21 

22 

22 

22 

23 

24 

20 

21 

22 

22 

23 

Sludge 

(cm) 

9 

8 

7 

8 

8 

7 

7 

8 

7 

6 

10 

9 

8 

8 

7 

<-20 m g / L FeCB 

<-20 m g / L FeCB 

<-30 mg/LFeCB 

<-30mg/LFeCB 

<-30mg/LFeCB 

<-30mg/LFeCB 

< ^ 0 m g / L FeCB 

<-80 m g / L FeCB 

<-80 m g / L FeCB 

<-40 m g / L FeCB 

<-40 m g / L FeCB 

<-40 m g / L FeCB 

< ^ 0 m g / L FeCB 

<-40 m g / L FeCB 

<-40 m g / L FeCB 

Top level 

(cm) 

29 

29 

29 

30 

29 

29 

30 

30 

30 

30 

30 

30 

30 

30 

30 

Clear Liquor 

(cm) 

19 

20 

19 

20 

22 

24 

25 

25 

23 

22 

22 

23 

23 

23 

23 

Reacto\ 
Sludge 

(cm) 

10 

9 

10 

10 

n 

5 

5 

5 

7 

8 

8 

7 

7 

'7 

7 

r 2 
Comment 

2.5 L ML replaced with water 

1 L ML replaced with water 

1 L ML replaced with water 

1 L ML replaced with water 

<-50 mg/LFeCB 

<-70mg/LFeCB 

<-40 m g / L FeCB 

< ^ 0 m g / L FeCB 

<-40 m g / L FeCB 

<-40 m g / L FeCB 

<-40 m g / L FeCB 

<-40 m g / L FeCB 

CR.il 19023 (10) 



TABLE 5.27 

CONCENTRATION OF ARSENIC IN THE INFLUENT, EFFLUENT AND SLUDGES DURING 
BIOLOGICAL TREATMENT WITHOUT FERRIC CHLORIDE ADDITION 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 
WAUKEGAN, ILLINOIS 

Date Arsenic concentration (mg/L) 

2-Iun 

5-Jun 

9-Juri 

13-Jun 

20-Jun 

23-Jun 

27-Jun 

2-Jul 

6-Jul 

11-Jul 

17-Jul 

influent 

6.4 

6.4 

6.4 

6.8 

6.8 

9.2 

9.2 

9.2 

7.2 

7.1 

7.2 

Reactor SBR-1 
Effluent 

1.4 

1.3 

2.2 

4.5 

6.2 

6.7 

6.8 

5.8 

6.6 

3.4 

5.1 

Removal (%) 

78.13 

79.69 

65.63 

33.82 

8.82 

27.17 

26.09 

36.% 

8.33 

52.78 

29.17 

Sludge (ug/g) 

180 

320 

830 

960 

1190 

790 

630 

560 

840 

960 

1300 

Influent 

1.2 

1.2 

1.2 

1.7 

1.7 

1.5 

1.5 

1.1 

7.2 

7.2 

7.2 

Reactor SBR-2 
Effluent 

0.48 

0.52 

0.68 

0.62 

0.89 

0.98 

2.1 

2.2 

3.2 

4.2 

5.6 

Removal (%) 

60.00 

56.67 

43.33 

63.53 

47.65 

34.67 

-40.00 

-100.00 

55.56 

41.67 

22.22 

Sludge (ug/g) 

61 

168 

230 

290 

590 

822 

890 

810 

860 

990 

1100 

CFA 19023 (10) 
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TABLE 5.28 

CONCENTRATION OF ARSENIC IN SLUDGES AND ABSORBING SOLUTION 
TESTS ON ARSENIC VOLATILIZATION FROM BIOMASS 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Airflow 
(tul/miu) 

Arsenic in sludges (u^g) 
Rtiw sludge 

Arsenic Removed Arsenic Accumulation 
from Sludge Arsenic in solution (mg/L) in Absorbing Solution 

Aerated sludge (mg/sample) After aeration Stock (mg/sample) 

50 

100 

200 

830 

870 

890 

764 

756 

708 

0.693 

1.197 

1.911 

0.028 

0.056 

0.036 

0.005 

0.005 

0.005 

0.046 

0.102 

0.062 

Ndtes: 

Absorbing solution: 
0.' % FeS04 + 0.5 % 1-I202, pH = 3.5 

CRA 19023(10) 
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TABLE 5.29 

ARSENIC REMOVAL DURING BIOLCXJICAL TREATMENT WTTH THE ADDITION OF FERRIC CHLORIDE 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Oate 

1 l-Aug 

H-Aug 

2 2-Aug 

2 5-Aug 

27-Aug 

23-Aug 

[-Sep 

t-Sep 

H-Sep 

IQ-Sep 

12-Sep 

15-Sep 

17-Sep 

Results 1 
SBRl 

Sludge (ug/g) 

920 

900 

960 

1100 

1310 

1330 

1360 

1390 

1531 

1680 

1560 

1370 

Affluent (mg/L) 

6.3 

3.8 

5.3 

31 

2.7 

2.6 

2.3 

2.1 

21 

1.9 

1.6 

1.1 

Sludge/Effluent 
RaUo 

146.03 

236.84 

181.13 

354.84 

485.19 

511.54 

591.30 

661.90 

729.05 

884.21 

975.00 

1245.45 

Comments 

10mg/LFeC13 

10mg/LFeC13 

20 mg/L FeCB 

30 mg/L FeCB 

30 mg/L FeCB 

40 mg/L FeCB 

60 mg/L FeCB 

80 mg/L FeCB 

80 mg/L FeCB 

40 mg/L FeCB 
2 L ML replaced 

40 mg/L FeCB 
1 L ML replaced 

SBR 2 1 
Sludge (ug/g 

1100 

1020 

990 

980 

1080 

940 

780 

860 

890 

1180 

1310 

1420 

1490 

Effluetit (mg/L) 

6.7 

6 

6.5 

5.8 

5.2 

6.4 

3.8 

3.3 

3.3 

2.6 

2.1 

2 

1.9 

Sludge/Effluent 
Ratio 

164.18 

170.00 

152.31 

168.97 

207.69 

146.88 

205.26 

260.61 

269.70 

453.85 

623.81 

710.00 

784.21 

Comments 

Diluted sludge 

Diluted sludge 

30mg/LFe<:n3 

50 mg/L FeCB 

70 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 
2L ML replaced 

CR.A 19023 (10( 
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TABLE 5.29 

ARSENIC REMOVAL DURING BIOLOGICAL TREATMENT WITH THE ADDITION OF FERRIC CHLORIDE 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Page 2 of 2 

, Date 

19-Sep 

22-Sop 

29-Sep 

(i-Oct 

ti-Oct 

10-Ocl 

14-Oct 

17-C)ct 

Results 1 

SBRl 
Sludge (u^g) 

1410 

1340 

1420 

1560 

1610 

1790 

1860 

1940 

Effluent (mg/L) 

1.6 

0.81 

0.74 

0.71 

0.68 

0.72 

0.39 

0.63 

Sludge/Effluetit 
Ratio 

881.25 

1654.32 

1918.92 

2197.18 

236765 

2486.11 

4769.23 

3079.37 

Comments 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

SBR 2 1 
Sludge (ug/g 

1310 

1390 

1480 

1520 

1590 

1760 

1890 

1920 

Effluent (mg/L) 

1.9 

0.98 

0.72 

0.7 

0.62 

0.53 

0.55 

0.64 

Sludge/Effluent 
Ratio 

689.47 

1418.37 

2055.56 

2171.43 

2564.52 

3320.75 

3436.36 

3000.00 

Comments 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 

40 mg/L FeCB 
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TABLE 5.30 

RESULTS OF TCLP TESTING ON SOLIDS GENERATED DURING TREATABILITY STUDY 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Parameter Sample EPA 
(mg/L) Solids from pre-treatment Biological sludge Filter cake Regulation 

Arsenic 

Barium 

Cadmium 

Chromiun 

Lead 

MercuT)' 

Selenium 

Silver 

14 

0.29 

0.0008 

0.005 

0.005 

<0.0001 

0.07 

<0.0001 

6.8 

1.9 

0.008 

0.022 

0.005 

<0.0001 

0.34 

0.005 

5.9 

1.2 

0.006 

0.018 

0.005 

<0.0001 

0.36 

0.006 

5 

100 

1 

5 

5 

0.2 

1 

5 
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TABLE 5.31 

ARSENIC REMOVAL FROM BIOLOGICAL EFFLEUNT WITH IRON SALTS 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Effluent Treatment 

Arsenic Cone. EeClj dose(m^) 

(mgA) 20 ^ 60 80 100 
As cone. Removal As cone. Removal As cone. Removal As cone. Removal As cone. Removal 

(mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%) 

5.3 

2.6 

4.2 

2.2 

20 

21 

15 

3.8 

2.1 

40 

28 

19 

3.6 32 

2.1 19 

FeS04 dose (mg/L) 
60 

2.3 

2.2 

80 

56 

15 

2.2 58 

2.1 19 

100 

5.3 

2.6 

5.3 

2.6 

As cone. Removal As cone. Removal As cone. Removal As cone. Removal As cone. Removal 
(mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%) 

4.1 

2.3 

22 

11 

3.9 

2.2 

26 

15 

3.8 

2.2 

28 

15 

3.1 

2.1 

41 

19 

2.6 

2 

51 

23 

1000 mgfL Humates + FeS04 

20 40 60 80 100 
As cone. Removal As cone. Removal As cone. Removal As cone. Removal As eone. Removal 

(mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%) (mg/L) (%) 

3.2 

2.2 

39 

15 

2.6 

2.2 

51 

15 

2.2 

2.1 

58 

19 

2.2 

2.1 

58 

19 

2.1 

2 

60 

23 

CRA 19023 (10) 
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TABLE 5.32 

ARESENIC REMOVAL FROM BIOLOGICAL EFFLUENT WITH FENTON'S REAGENT 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Effluent 
Arsenic Cone, 
(mgn) 

5 3 

2.6 

5.3 

2.6 

l.Treatment with Humates (1000 mg/, 

FeSO« = 40 m g ^ 

As cone. 
(mg/L) 

3.1 

2.2 

FeS04 = 6C 

As cone 
(mg/L) 

2.9 

2 

50 
Removal 

41 

15 

I m ^ 

50 
Removal 

(%) 

45 

23 

As cone. 
(mg/L) 

2.3 

2 

As cone 
(mg/L) 

2.1 

1.8 

I) at 

100 

100 

pH=7.4 

H , 0 - , dose (mg/L) 

Removal 
(%) 

56 

23 

As cone. 
(mg/L) 

2.1 

1.8 

H , 0 , dose (mg/L) 

Removal 
(%) 

60 

30 

As cone 
(mg/L) 

1.8 

1.6 

150 

150 

Removal 
(%) 

60 

30 

Removal 
(%) 

66 

38 

As ctmc. 
(mg/L) 

1.8 

1.8 

As cone. 
(mg/L) 

1.6 

1.6 

200 

200 

Removal 
(%) 

66 

30 

Removal 
C/o) 

70 

38 

Page 1 of 2 
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TABLE 5.32 

ARESENIC REMOVAL FROM BIOLOGICAL EFFLUENT WITH FENTON'S REAGENT 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

2. Treatment without Humates at pH = 3.5 

5.3 

2.6 

5.3 

2.6 

FeSOi = 4£ 

As cone. 
(mg/L) 

2.3 

1.5 

FeS04 = 6C 

As ctmc. 
(mg/L) 

2.2 

1.4 

50 
Removal 

C/o) 

56 

42 

ImgO. 

50 
Removal 

(%) 

58 

46 

As cone. 
(mg/L) 

1.6 

1.4 

As cone. 
(mg/L) 

1.5 

0.8 

100 

100 

H^O^dose, 

Removal 
C/o) 

70 

46 

(mg/L) 

As cone. 
(mg/L) 

1.1 

0.9 

H i O ^ dose (mg/L) 

Removal 
C/o) 

72 

69 

As cone. 
(mg/L) 

0.6 

0.4 

150 

150 

Removal 
C/o) 

79 

65 

Rcmovul 
c/o) 

87 

85 

As cone. 
( m ^ ) 

0.8 

0.7 

As cone. 
(mg/L) 

0.4 

0.3 

200 

200 

Removal 
C/o) 

85 

73 

Removal 
C/o) 

92 

88 

Page 2 of 2 
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TABLE 5.33 

ARSENIC REMOVAL FROM BIOLOGICAL EFFLUENT WITH ACTFVATED ALUMINA 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Effluent Activated Alumina dose (mg/L) 
Arsenic Cone. 200 300 400 500 750 1000 1250 1500 2000 
(mg/l) Arsenic concentration (mg/L) 

5.3 5.1 5 3.8 2.9 2.1 1.6 1.4 0.8 0.6 

2.6 2.5 2.2 1.6 1.4 0.9 0.6 0.5 0.5 0.4 

CR.\ 19023 (10) 



APPENDICES 



APPENDIX A 
• 

G ROUNDWATER COLLECTION, CHARACTERIZATION AND STORAGE 

• 

Ite 

m 

I i 

CllA 19021 (10) 



APPENDIX A 

GROUNDWATER COLLECTION CHARACTERIZATION AND STORAGE 

1. SELECTION OF REPRESENTATIVE WELLS 

Based on the analytical results from Pilot Project Treatability Study it was expected that 

th(? blended groundwater from wells EW-2 and MW-7D would provide a representative 

mixture with appropriate target concentrations of ammonia and arsenic. However, 

unexpected high concentrations of ammonia in the groundwater from wells EW-2 and 

M^A -̂7D required re-evaluation of water quality to define an appropriate mix of samples. 

A careful review of historical analytical data for groundwater at the Site was conducted 

to select other wells that could supply the groundwater composite with target 

concentrations of ammonia and arsenic and stiU be representative in terms of general 

chemistry and organic contaminants. Additional groundwater flow modelling was aLio 

conducted to predict long-term concentrations of target parameters from various weUs. 

Ba.sed on the historical data and modelling three wells: MW-7S, MW-4D and MD-7D 
were selected for additional evaluation. Field measurements of ammonia concentrations 
in tlie groundwater collected from these wells using an ammonia selective electrode 
coruirmed expected concentrations. 

On January 6, 2003,190 gallons of groundwater was collected as follows: 

140 gallons from MW-7S 

30 gallons from MW-7D 

20 gallons from MW-4D 

Collected groundwater was placed in 5-gallon plastic pails. The 5-gallon pails were 

sealed, placed in heavy plastic bags, sealed again, and packed in individual cardboard 

boxes with adsorptive packing materials for overnight shipment to tlie CRA Treatability 

Laboratory in Waterloo, Ontario. 

As the nitrification study was extended from the originally planned 27 weeks to 

39 v̂ T̂ eeks two additional groundwater collections from the same wells were also 

conducted. 

C\<A 19023 (lOl A - 1 



In the Treatability Laboratory composite samples, prepared from the same volume of 
water from each container were prepared: 

i) Composite MW-7S: 500 ml from each of 28 containers containing groimdwater 
from this well; 

ii) Composite MW-7D: 500 ml from each of 6 container containing groundwater 
from this well; and 

iii) Composite MW-4D: 500 ml from each of 4 containers containing groundwater 
from this w êll. 

A sub-sample of the blended mixture was sent to EnviroTest Analytical Laboratory in 
Waterloo, Ontario. The samples were analysed, consistent with the Work Plan, for the 
foUciwing parameters: pH, ORP, total suspended solids (TSS), turbidity, conductivit)^ 
chemical oxj'̂ gen demand (COD), soluble COD (SCOD), total organic carbon (TOC), 
dissolved organic carbon (DOC), ammonia, nitrate, phosphates, cyanide, phenols, 
arsenic, thiocyanate, and base/neutral, and acid extractable organic compounds. 
Results of these analyses are presented in Table 2.1 of the main text. 

To ensure the same groundwater quality during the study the following procedure was 
applied: 

1. groundwater samples were kept at - 5°C and well mixed before the treatment; 

2. samples for treatment were collected in equal volumes from each storage 
containers; and 

3. before treatment each batch sample (comprised of the same ratio of the 
groimdwater from each well) were analysed for the foUowing parameters: pH, 
TSS, VSS, COD, TOC, DOC, ammonia, nitrate, cyanide, phenols, arsenic, 
thiocyanate. 

: R \ 19023 :io) A-2 
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APPENDIX B 

PHOTOGRAPHS OF BENCH APPARATUS 
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Photograph 1. A general view of the biological treatment system showing two working 
reactors SBR-1 and SBR-2 and the back up reactor # 3. 
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Photograph 2. Two working reactors SBR-1 and SBR-2 with dedicated 
peristalic pumps and timers. 
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Photograph 3. The reactor SBR-1 with the influent and the effluent pump. 
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.U the aeration equip«^' 

Photogtapl:^ 4. T^^ ^^^^^^^^ connected 

ent and 

1 
pH elect 
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Photograph 5. The reactor SBR-1 with the mixer, the aeration equipment and the feed tubing. 

CRA 19023 (10) 



Photograph 6. Peristaltic pumps and timers controlling their operation. 
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Photograph 7. The close view of the reactor SBR-2 with the mixer and the cooling coil. 
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Photograph 8. DO meter and pH meter used to monitor SBR operation. 
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Photograph 9. The general view of the treatment system set up with the influent and 
the effluent (at the bottom) tanks. 

CRA 19023 (10) 
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Photograph 10. A close view of the heater and the aeration system. 
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Photograph 11. PH controllers with soda ash jars. 
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Photograph 12. The close view of pH controller. 
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Photograph 13. Reactors SBR-2 and SBR-3 with pumps, timers and monitoring equipment. 

CRA 19023 (10) 



APPENDIX C 

COMPARISON OF LABORATORY AND AMMONIA/AMMONIUM SELECTIVE 

ELECTRODE MEASUREMENTS 
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TABLE C 

RESULTS OF AMMONIA MEASUREMENTS IN 
THE LABORATORY AND USING ION SELECTIVE ELECTRODE 

«•»' 

*» 

Date 

10-(an 

13-laii 

14-^an 

i;5-Jan 

16-] an 

17-Jan 

18-1 an 

Sample 

MW-4D 
MW-7D 
MW-7S 

SliR-1 Influent 

SBR-1 ML 

SBR-1 ML 

SBR-1 ML 

SBR-1 ML 

3BR-1 ML 

Laboratory result 
(mg/L as NH3-N) 

2600 
2500 
0.42 

33.6 

16.8 

19 

17 

9.2 

22 

Electrode Measurements 
(mg/L as NH3-N) 

2200 
2100 
0.45 

31.2 
31.5 
31.1 

17.6 
15.5 
16.1 

18.2 
19.8 
17.8 

18.6 
18.2 
174 

10.2 
10.1 
9.8 

23.2 
22.8 
22.6 

Deviati 
value 

400 
400 
0.03 

2.4 
2.1 
2.5 

0.8 
1.3 
0.7 

0.8 
0.8 
1.2 

1.6 
1.2 
0.4 

1 
0.9 
0.6 

1.2 
0.8 
0.6 

ion 
(%) 

15.4 
16.0 
71 

71 
6.3 
74 

4.8 
7.7 
4.2 

4.2 
4.2 
6.3 

9.4 
71 
2.4 

10.8 
9.8 
6.5 

5.4 
3.6 
2.7 

c^Ai9o;:3(io) 



APPENDIX D 

ANALYTICAL DATA FOR INDIVIDUAL BATCHES OF RAW AND PRE-TREATED 

GROUNDWATER 
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Table D l - Analyses of raw and pre-treated groundwater - batch 2 (^28/03) 

•-Parametertet 
Ammonia as N (mg/X) 

COD (mg/L) 

DOC (mg/L) 

Phenol (4AAP) (mg/L) 

Thiocyanate (mg/L) 

TKN (mg/L) 

Total Cyanide (mg/L) 

Total Organic Carbon ( m ^ ) 

Total Suspended Solids (mg^L) 

Volatile Suspended Solids (mg/L) 

Arsenic (m^L) 

aw mix {1^^ 
662 

1300 

436 

130 

88 

790 

2.40 

412 

3.0 

2 

6.6 

^ ^ e Treated J 
602 

1200 

406 

120 

66 

720 

1.6 

392 

<1.0 

<1 

1 

inix(R2) Removal( 
9.06 

7.69 

6.88 

7.69 

25.00 

8.86 

33.33 

4.85 

84.85 

CRA 19023 (10) 



Table D2 - Analyses of raw and pre-treated groundwater - batch 3 (3/27/03) 

Ammonia as NH3-N 
COD 

DOC 
Phenol 

Thiocyanate 
TKN 

Total Cyanide 

Total Organic Carbon 
Total Suspended Solids 
Volatile Suspended Solids 
Arsenic 

521 
1300 

346 
158 

200 

600 

3.60 

374 
2.3 
2 

6.6 

518 
1200 

333 
122 

160 

550 
1.3 

350 

9.5 
1 

0.70 

0.58 
769 

3.76 
77 78 

20.00 
8.33 

63.89 

6.42 

89.39 

Page 2 of 10 
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Table D3 - Analyses of raw and pre-treated groundwater - batch 4 (^1^03) 

.Parametgr^m^^JJjJjg mix (Rl) Pre Treated mix(R2| RemovaI(%J^ 
Ammonia as NH3-N 568 540 4.93 

COD 1400 1200 14.29 

DOC 348 315 9.48 
Phenol 138 124 10.14 
Thiocyanate 170 160 5.88 

TKN 820 760 7.32 
Total Cyanide 3.50 2.6 25.71 
Total Organic Carbon 367 334 8.99 

Total Suspended Solids 8.0 2.4 
Volatile Suspended Solids 7 2 _ 

Arsenic 6.8 1.2 82.35 

I 

j 

1 
i 

J 

] 
J 

I 
CRA 19023 (10) 
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Table D4 - Analyses of raw and pre-treated groundwater - batch 5 (^21/03) 

Pai'ameter(ing^) Raw mix (Rl) Pre Treated mix(R2) RemovaI(%) 
Ammonia as NH3-N 

COD 

DOC 
Phenol 

Thiocyanate 
TKN 
Total Cyanide 

Total Organic Carbon 
Total Suspended Solids 

Volatile Suspended Solids 

Arsenic 

6,'̂ 4 
1260 
343 

170 
150 
830 
3.50 

367 

6 

3 
6.4 

580 
1210 

338 
104 
140 

790 
2.9 

337 

6 

2 
0.95 

8 52 
3.97 

1.46 
38.82 
6.67 
4.82 

1714 

8.17 

_ 

85.16 

J 

1 
J 
] 
J 
I 
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Table D5 - Analyses of raw and pre-treated) 

Rdi 

rotmdwater - batch 6 (5/6/03) 

Ammonia as NH3-N 
COD 

DOC 

Phenol 

Thiocyanate 
TKN 
Total Cyanide 

Total Organic Carbon 

Total Suspended Solids 

Volatile Suspended Solids 

Arsenic 

630 
1380 

363 
190 

180 
810 
3.7 

376 
6 

5 

6.8 

610 
1300 
346 
112 
160 
770 
2.9 
352 
12 
6 

1.1 

3.17 

5.80 

4.68 

41.05 

11.11 

4.94 

21.62 

6.38 

83.82 

I 
I 

CRA 19023 (10) 
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1 

Table D6a) - Analyses of raw and pre-treated groundwater - batch 7 (5/19/03) 
Parameter(m^|||||||||||||^ 
Ammonia as NH3-N 
COD 
DOC 
Phenol 
Thiocyanate 
TKN 
Total Cyanide 
Total Organic Carbon 
Total Suspended Solids 
Volatile Suspended Solids 
Arsenic 

p a w mix 
bio 
1300 
390 
112 
160 
770 
4.7 
490 
6 
5 

6.2 

(Rl) Pre Treated mix(R2) 
610 
1150 
346 
90 
150 
760 
Z9 
422 
12 
6 

1.1 

Removal(%) 
0.00 
11.54 
11.28 
19.64 
6.25 
1.30 
38.30 
13.88 

_ 
_ 

8226 

Table n6b) - Analyses of raw and pre-treated groundwater - batch 7 (5/26/03) 

PaTameter(mg/L) Raw mix (Rl) Pre Treated mix(R2) Removal(%) 
Ammonia as NH3-N bl5 610 0.81 
COD 1350 1300 3.70 
DOC 390 346 11.28 
Phenol 112 90 19.64 
Thiocyanate 170 160 5.88 
TKN 790 770 Z53 
Total Cyanide 4.8 2.9 39.58 
Total Organic Carbon 490 372 24.08 
Total Suspended Solids 6 12 _ 
Volatile Suspended Solids 5 6 _ 
Anenic 6.2 0.91 85.32 



Paranieta^i^f^^gjljljjj^^ mix (Rl) 
Ammonia as NH3-N 578 

COD 1350 

DOC 390 
Phenol 110 

Thiocyanate 160 

TKN 690 

Total Cyanide 4.3 
Total Organic Carbon 430 
Total Suspended Solids 20 
Volatile Suspended Solids 15 

Arsenic 6.8 

ter - batch 8 (5/30/03) 

eated mix(R2) 
560 

1210 

342 
102 

146 

670 

2.6 
392 

12 
6 

0.82 

Page 7 of 10 

Removal(«j|| 
3.11 

10.37 

12.31 
7.27 

8.75 

2.90 

39.53 

8.84 

87.94 

I 

! 
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Table D8 - Analyses of raw and pre-treated groundwater - batch 9 (6/1^03) 

Parameter(mg/L^^^J| 
Ammonia as NH3-N 

COD 

DOC 

Phenol 

Thiocyanate 

TKN 

Total Cyanide 
Total Organic Carbon 
Total Suspended Solids 

Volatile Suspended Solids 

Arsenic 

j ^ ^ n i x 

610 

1380 

360 

120 

160 

690 

3.6 
410 
20 

13 

6.6 

(Rl) Pre Treated] 
590 

1200 

348 

92 

142 

660 

2.2 
389 

12 

9 
0.92 

inix(R2) ] Removal(%) 
3.28 

13.04 

3.33 

23.33 

11.25 

4.35 

38.89 

5.12 

__ 
_ 

86.06 

CRA 19023 (10) 
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Table D9 - Analyses of raw and pre-treated groundwater - batch 10 (6/17/03) 

Paramete r (mg^9Hplaw mix (Rl) Pre Treated mix(R2) RemovaU j 
Ammonia as NH3-N 520 ^)0 5.77 

COD 1300 1180 9.23 

DOC 340 290 14.71 
Phenol 190 97 48.95 
Thiocyanate 200 180 10.00 

TKN 570 510 10.53 
Total Cyanide 3.8 2.8' 26.32 
Total Organic Carbon 420 240 42.86 

Total Suspended Solids 20 22 _ 
Volatile Suspended Solids 15 14 

Arsenic 9.2 0.92 90.00 

i 

1 

i 

I 
] 
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Table DIO - Analyses of raw and pre-treated groundwater - batch 11 (6/27/03) 

,£arameter(mg/L) ^J^mix(Rl) Pre Treat^^^^J^Hg,al(%) 
500 5.66 

1200 29.41 

240 20.00 

140 30.00 

76 5778 

650 17.72 

2.9 9.38 

300 21.05 

180 

98 

1.9 80.21 

Ammonia as NH3-N 
COD 

DOC 

Phenol 

Thiocyanate 
TKN 

Total Cyanide 

Total Organic Carbon 

Total Suspended Solids 

Volatile Suspended Solids 

Arsenic 

530 
1700 
300 

200 

180 
790 

3.2 

380 

104 

65 

9.6 
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WAUKEGAN NITRinCATION STUDY - ACCLlMATlZAnON - CLAIRTON SLUDGE 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 

I 'agelofS 

pH fSI Ur lOdijiCM..' nC'(l5m 

Olieralional Parameters 

Feed (ml) 

Feb^:9 

Feb-10 

F(?t-n 

Fee-12 

F e t - n 

Fet-14 

Feb-15 

Feb-16 

Feb-17 

Feb. 18 

Feb-19 

Feb-;'0 

Fel-V.l 

Feb-;12 

Feb-:;3 

Fel.:!4 

Fel.;i5 

Fel.-:;6 

Fel.27 

Fel.>8 

Mar-31 

Mar-02 

Mat-0.1 

Mai-(M 

Mar-05 

Mat-06 

Mar-0~ 

Mar-08 

9:00 

1800 
9.00 
18 0C1 
9.30 

ISO) 
930 
18 00 
9X1 
1800 
9 30 

1730 
9 00 

18 03 
90C 

1730 
900 
17 30 
930 

18 00 
900 
18 (B 
90C 
18:00 
O30 

18:00 
800 
I f 00 

8 30 
17-30 

030 
17:30 
030 
17.00 
OCO 
17:30 

9.30 
17:00 

8:30 

17:00 

900 

roo 
9 30 

rco 
930 

1-30 

830 
1-30 

830 

roo 
900 
1-00 
930 

roo 
930 

17 30 

- 3 

76 
- 8 
--1 
- 5 

- 3 
--c 
- ? 

- 4 

-: 
- 8 

3 
- t 

-; 
- 1 

- 2 
7 3 

" 2 

" 6 
6 : 

6 
o r 
" 8 
" t 

:-.;. 
a: 
7e-
- f 

7.f 

6 " 

- ; 
7f. 

7.t. 
I i . 

7 (1 

- 5 

T ; 

7.<l 
7.3 

7.8 

' .3 
7 tj 

7-1 

7 3 

7 1 
6 1 

71! 
7 8 

ll 
7 3 

B 1 

58 

5 ;i 

58 

3B 
51. 
5S 
3 4 
51. 
51. 
50 

54 

5 8 

5 3 

5.4 

23 
24 
2 3 

: 1 
; 6 
: 2 

1 8 

: i 

:;.6 

:;.2 

::.4 

:;.2 

2.6 

.8 

:;.5 

:;.6 
1.9 

'.'..7 

:'..6 

.'..2 

-.1.4 

:'..2 

:'..6 

1.8 

:'.6 
.1.2 

'..4 

V-ater 

:7(io 

2600 

25(10 

2400 

2300 

2200 

2100 

2aio 

3000 

30)0 

3aX3 

3000 

3a)0 

301X1 

301X1 

3000 

3000 

3000 

301X1 

30X) 

3000 

2&X] 

27i]0 

2700 

273) 

27.>3 

Groundujater 

300 

400 

500 

600 

700 

800 

900 

lOOO 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

200 

300 

300 

300 

300 

Temperature TKN load (mg/L)» 

(oC) 

25 

27 

27 

27 

27 26.2 

27 

26 34.9 
26 

26 43.5 

26 

26 52.0 

26 

26 60.7 

26 

28 69.4 
28 

28 78.0 

28 

27 86.7 

27 

26 00 

27 

27 0 

27 

28 0 

26 

26 0 

26 

26 0 

26 
26 0 
26 

26 0 
26 

26 0 
26 

26 0 
26 

26 0 
27 
27 0 

26 

26 0 
25 

26 0 

25 

25 10,5 

26 

26 15.8 
26 

27 15.8 

27 

26 15.8 
26 

26 15.8 
26 

Effluent Analytical Data (my/L) 

COD NH3-N (•) N03-N TSS 

MLVSS/MLTSS NH3-N nitrif NILI-nttrA'.'S 

VSS Ratio (mg/L) 

130 

220 

240 

280 

340 

320 

135 

140 

180 

160 

155 

118 

130 

110 

116 

122 

130 

106 

120 

86 

84 

71 

74 

3.2 

3.1 
1 8 

2.6 
2.3 
2.2 
0 2 
0.3 
03 
0.6 
0.3 

035 
0 4 

0 2 
0.15 
0.2 

0.16 
023 

0.5 
2.2 

10.2 
8.2 

7.8 
7.1 
13.6 

10.2 
16.2 
11.9 

14.3 
11.2 
6.8 

101 
11.4 

9.2 
8.6 

8.1 
7.6 

7.8 

8.8 

7.9 
7.8 

7.4 

7.2 

7 
7.2 
3.8 

0 5 
06 

0.8 
0.7 

0.9 
0.4 

015 
022 
0.18 
0.54 

96 

98 

103 

110 

120 

110 

102 

93 

78 

79 

80 

72 

56 

42 

36 

32 

29 

27 

34 

36 

39 

41 

45 

103 

120 

170 

180 

98 

176 

170 

120 

110 

46 

66 

63 

54 

68 

56 

48 

53 

49 

23 

39 

76 

88 

102 

103 

60 

98 

88 

73 

70 

36 

54 

57 

46 

59 

48 

42 

47 

38 

18 

32 

liOOO/21200 

R =0.66 

l.'WX)/21800 

R = 0.688 

11)000/26500 
R = a716 

liOOO/23400 
R = 0684 

9300/13800 
R = 0.674 

7700/12000 
R =0. 641 

26.5 

35.4 

45.6 

51.9 

60.7 

69.3 

78.3 

86.7 

22.5 

15.5 

15.7 

16.6 

0.0024 

0.0017 

0.0017 

0.IX)18 

0IX)20 

no feed 

no feed 

0.5 g Na2C03 

0.8 g Na2C03 

1.0gNa2CO3 

poor settlmg, llocculants added 

1.0gNa2CO3, Oocculant 

2.0 g Na2C03 

2.0 I Na2C03, no feed 
5.0 g Na2C03, no feed 
5.0 g Na2C03, no feed 

5.0gNa2CO3,nofe«J 

3.0 g Na2C03, no feed, 2 ml Buffer 

2 0 g Na2C03, no feed, 2 ml Buffer 

1.0gNa2CO3, nofeed 

1.0 ml buffer. 

l .Omlbuffer, 300ml A 5 R # 3 

1.0mibuffer, 500ml A s R # 3 

I.Omlbuffer, 500ml As R # 3 

l.Omibuffer, 500ml A s R # 3 

I.Omlbuffer, 500ml As R # 3 

I.Omlbuffer, 500 ml A ! R# 3 

New Feed, I .Omlbuffer 

I.Omlbuffer 

I.Omlbuffer 

I.Omlbuffer 

I.Omlbuffer 

1.0mlH3PO4 
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Opera 'u nal Parameters 
p H d t U-

830 
17-3.3 

900 
18:00 
90O 

17:30 
90O 

17:00 

900 
16.30 

8 30 
170O 
900 
1700 
900 
11.30 
900 
1-30 
8.30 
180O 
2?0O 
3 30 
17.00 
2-100 
9 00 

r.oo 
23 00 
900 

1-00 
230O 
930 
I t - 'O 
23 00 
930 

1600 
2? CO 

900 

roo 
23 OO 
900 

16.30 

2300 
900 
1700 
2,1.00 
900 
16 30 

2300 
900 
16 30 

23 00 
900 
16 30 

27.00 

« 
81 

- f 
' c 

:•-
' i 
S 1 

7 f 

" t . 
7.7 

7.8 
7.7 

7 t. 
' h 
' . : i 
7.(1 

7 I) 

7.!i 

' t> 

- „ 
7 '1 

' h 

' (1 

" ti 

' (1 

7!i 

7.6 
7.r) 

; 3 

: :i 

7.t. 
7.1] 

; -1 

" (i 

7 (; 

7 .; 

7.J! 

7.-1 

7.~ 
7 'i 

"• f i 

7..: 

' O l i n . i O i n . ' 

- T 

5 7 

54 

j u 

5 -
;. 5 

5 8 

5 " 

5.4 

6 2 

5 1 
5 3 

5 : 

5 " 
5 3 

5 -
5 • 

6 -. 
6.3 

6 1 
6 4 

6 ' 

6 3 
6 3 
6 1 

6 ^ 
6.; 

6 2 

6.1 

6 1 

t -. 
t 1 

t > 

t r 
t t 

f 1 

t ' 

5 .3 

5 ^ 

5 . ; 

6 2 

5 3 

e 1 
5 ; 

5 3 
6 2 

5 3 

6 1 

6 1 
5 :; 

7 2 

6 4 

I K X I S m i i ) 

-...2 

::.6 

1 8 

1 5 

7 6 

: 9 

2 4 

2 5 

11.4 

1.2 

.'.4 
;..5 

•:•! 
t'7 
.'iS 

5.7 
.'1.7 

1.6 

1.5 

1.4 

1.4 

1.3 

I..6 
1.5 
1.4 

1.8 
1.5 

1.2 

1.4 

1.4 

1.5 
{..4 

1..3 

I..5 

1.6 

1.3 
11.7 

:i.8 
11.9 

11.8 

6 

5 9 

I..2 

11.8 
1,1 

11.9 

11.8 
I..2 

.'18 

1.3 

1.4 
11.9 

•'.2 

1..4 

U'a ter 

;7ix) 

2700 

27IX) 

2700 

1*30 

1600 

1550 

1530 

1SX3 

1400 

13i>J 

12i» 

1100 

10513 

1030 

900 

see 

6.5C 

500 

40C 

3CP 

Feed (ml) 

Groundwa te r 

300 

300 

300 

300 

400 

400 

400 

450 

450 

500 

600 

700 

800 

900 

950 

1000 

1100 

1200 

1350 

1500 

1600 

Temperature 

(oC) 

26 

26 
27 

27 

28 

28 
27 

27 

27 
27 

27 
27 

27 

27 

26 
27 
27 

28 
28 

28 

28 

28 

27 
27 
28 

27 
28 

28 

28 

29 

28 
28 

28 

28 

28 

28 

28 

29 
29 

29 

28 

29 

29 

29 

29 

29 

29 

29 

29 

29 

28 

28 

29 

29 

Effluent Analytical Data (mg/L) 
NH3-N n N03-N 

Ml VSS^LTSS NH3-N nitrif NHl-nitr/ViS 

15.8 

15.8 

15.8 

15.8 

21.1 

21.1 

21 1 

23.7 

23.7 

26.3 

57.9 

79.0 

69 

59 

60 

62 

58 

45 

49 

52 

48 

53 

06 
0.8 
0.3 
0.22 
016 
02 
04 
022 
025 
018 
028 
0.32 
0.38 
024 
02 
028 
016 
044 
012 
0.77 
0.8 
O09 
067 
0.58 
0.2 
0.65 
08 
0.52 
0.34 
0.36 
0.26 
0.48 
0.46 
0.17 
0.37 
0.42 
018 
0.72 
052 
015 
068 
03 
0.14 
073 
086 
005 
026 
0.43 
0.16 
0.53 
0.68 
0.13 
023 
0.4« 

48 

52 

56 

58 

64 

68 

72 

74 

81 

46 

19 

31 

44 

23 

17 

35 

42 

33 

25 

41 

16 

26 

32 

20 

10 

27 

36 

28 

18 

7600/11900 
R = 0.638 

1*00/10700 
R = 0. 636 

15.8 

15.4 

16.1 

159 

208 

21.2 

21.0 

23.6 

23.9 

26.4 

31.6 

37.5 

(mg^) 

0.0020 

0.0021 

00021 

0.0027 

0.0028 

0.0027 

0.0031 

0.0031 

0.0035 

0.0042 

0.0049 

additional heater & aerator 
pH controllers calibrated 

500 ml ML from R#3 
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pHifiv-' Doi-ngnyii 
Opf r.7fi.>nfl j P irametrrs Effluent Analytical Data (mg/L) 

DO'lSm.ni Feettjml) Temperature TKN load (mg^L)* COD NH3-N (•) N03-N TSS 
Ml.VS&^VfLTSS NH3-N nitrif NH3-mlr/V! S 

Ratio (mg/L) 

Mar-30 

Mar-31 

Apr-01 

Apr-02 

.'\pr-03 

Apr-01 

Apr-D3 

Apr-36 

Apr-3-

Apr-OS 

Apr.30 

900 
1630 
230O 
930 

1-00 
23.00 

900 
16 00 
23 00 
900 

roo 
2300 
9 0.3 

roo 
23 00 
9 01:1 
lh'30 

23 00 

900 
roo 
2.T00 

900 

roo 
23 00 
900 
16 30 
r i o o 
8 30 

roo 
2100 
930 

4 
.3 
.6 
'1 

"3 

- \ 

• ' : 

•4 
" 3 

- 4 
" 4 

" 1 
- 4 
"..3 

" 4 
"5 
-.3 

"4 
.-1 

75 
• 5 
" 4 
- 3 
" 4 

" 1 

" 4 

7 -I 

7 3 

i>.9 

-.2 

•2 
3.2 

iVaftr 

2(X) 

100 

Groundwater 

1700 

1800 

2000 

2000 

(oC) 

29 
30 
29 
29 
29 
28 
28 
28 
28 
29 
29 
29 
28 
28 
28 
29 
28 
29 
28 
29 
28 
29 
28 
28 
28 
28 
28 
28 
29 
28 
28 

89.5 019 
0.38 
0.42 
0.09 
1.9 

0.82 
0.2 
2.2 
0.88 
02 
3.1 
4.1 
023 
1.5 
2.2 
024 
1.6 

0.96 
016 
1.1 

088 
023 
0.86 
082 
0.17 

018 
068 
014 
1.1 
1.4 
021 

I.54O/1010O 
R=a648 

(.900/10500 

R = 0657 

feed disconnected 

0.0167 

0.0166 15 g PAC added 

0.0166 15 g PAC added 

00165 ISgPACadded 

file://'/pr-03
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Date Time Operational Parameters 
pH (St Uu) 10 <m^02/l.) DO (11 min) Feed (ml) 

Apr-10 

Apr-11 

Apr-12 

Apr-13 

Apr-14 

Apr-15 

Apr-16 

Apr-17 

Apr-18 

Apr-19 

Apr-20 

Apr-21 

Apr-22 

9:00 
17:00 
23:00 
<..00 
16:30 
23:00 
8:.30 
17:00 
23:00 
9:00 
17:30 
23:00 
9:00 
17:00 
23:00 
9:00 
17:30 
23:00 
9:00 
17:00 
23:00 
9:30 
16:30 
23:00 
9:30 
17:00 
23:00 
9:00 
16:00 
23:00 
1̂:30 

16:30 
23:00 
fi:00 
16:00 
23:00 
9:00 
16:00 

CRA 1902.1 (10) 

7.6 
7.4 
7.5 
7.5 
7.4 
7.4 
7.5 
7.5 
7.4 
7.5 
7.4 
7.4 
7.6 
7.3 
7.4 
7.4 
7.4 
7.5 
7.4 
7.4 
7.5 
7.5 
7.4 
7.4 
7.5 
7.5 
7.4 
7.3 
7.4 
74 
7 5 
7.3 
7.4 
74 
74 
7.5 
7.5 
7.4 

7 3 
7.2 
7.6 
7.4 
7.2 
7.3 
78 
72 
7 6 
74 
7 2 
7 3 
7 8 
6.9 
7.4 
7.2 
7.4 
7.3 
7.2 
7.6 
7.4 
7 2 
7 3 
7 8 
7.2 
£.•7 

6.2 
6.4 
6.2 
5.9 
6.7 
(.2 
( . i 
t.7 
t.2 

e . i 
i.2 

3.1 

2.q 

2.8 

2.9 

2.6 

2.4 

2.2 

2.6 

1.9 

28 

1 8 

2J00 

2000 

2300 

2000 

2300 

2000 

20OO 

2000 

2000 

20OO 

2000 

2000 

2000 

emp 

28 
28 
29 
28 
29 
28 
28 
28 
28 
29 
28 
29 
28 
28 
28 
28 
28 
29 
28 
29 
28 
28 
28 
28 
29 
28 
28 
29 
28 
29 
28 
28 
28 
29 
29 
28 
29 
28 

TKN load (mg/L) 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

110.7 

110.7 

COD NH3-^ 

0.18 
3.1 
1.6 

0.27 
1.3 

0.89 
0.05 
1.2 
0.86 
0.14 
0.96 
0.65 
0.12 
0.28 
0.32 
0.14 
0.16 
0.63 
0.12 
0.81 
0.76 
0.13 
0.92 
0.64 
0.15 
0.15 
0.26 
0.08 
0.24 
0.33 
0.07 
0.22 

0.31 
40 0.1 

0.17 
0.32 
0.15 
0.22 

Effluent Analytical Data (mg/L) MLVSS/MLTSS NH3-N nitrif NH3-mtr/VSS 
>3-N TSS VSS Rat)0 (mg/L) (mg/tijg) 

380 

7300/11700 
R = 0.624 

9600/13800 
R = 0.695 

8100/11600 
R = 0 698 

8600/12300 
R = 0 699 

#REF! 

105.2 

105.6 

105.2 

105.4 

105.3 

105.4 

105.3 

105.3 

105.4 

105.3 

105.3 

110.6 

#RE1-! <15 g PAC 

0.01442 <10 g PAC 

O.OIKX) 

0.01096 100 mL RAS wasted 

0.01097 100 mL RA;5 wasted 

0.01301 

0.01?iXi 

0.0131X1 

0.01225 

0.01224 

0.012J% 
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Date lime Operational Paratneters 
pH (St Un) n o (»isr( )2/L) DO H 3 min) Feed (ml) 

Effluent Analytical Data (mg/L) MLVSS/iSiLTSS NH3-N nitrif NH3-mtr/VSS 
Temp TKN load (mg/L) COD NH3-N N03-N TSS VSS Ratio (mg/L) (mg/mg) 

Apr-23 

Apr-24 

Apr-25 

Apr-26 

Apr-27 

Apr-28 

Apr-29 

Apr-30 

May-01 

May-02 

May-03 

May-04 

May-05 

May-06 

23:00 
8:30 
16:30 
:L3:00 

8:30 
-.6:30 
:L3:00 

9:00 
'6:30 
:L3:00 

8:30 
18:00 
'1:30 
18:00 
8:30 
16:30 

:J3:00 

9:00 
17:00 
:23:00 

;i:30 
18:00 
:Z3:00 
8:30 
16:30 
23:00 
.3:30 
18:00 
23:00 
9:00 
17:00 
'?:00 
17:00 
23:00 
9:00 
17:00 
23:00 
3:30 

CllA 19011 (101 

7.3 
7.4 
7.4 
7.5 
7.3 
7.3 
7.4 
7.4 
7.3 
7.4 
7.3 
7.3 
7.3 
7.4 
7.3 
7.3 
7.3 
7.4 
7.4 
7.4 
7.3 
7.4 
7.3 
7.3 
7.3 
7.4 
7.3 
7.4 
7.3 
7.3 
7.3 
7.4 
7.3 
7.4 
7.3 
7.3 
7.4 
7.4 

6.7 

6.2 

(1.4 

(1.2 

!:.6 

5i.9 

f..l 

fi.2 

5.9 

;;.8 
(..1 
!i.9 

(..2 

;i.9 

!1.7 

f;.8 
(..3 

(..') 
I..6 

;;.6 

.''-.9 

Ivl 

i>.2 

,'>.Q 

1 7 

1.6 

1.4 

l.g 

l.c 

If. 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

28 
28 
28 
29 
29 
29 
29 
29 
28 
28 
28 
28 
28 
28 
28 
29 
29 
29 
29 
29 
29 
28 
28 
28 
28 
28 
29 
29 
28 
28 
28 
29 
29 
28 
28 
28 
29 
29 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

110.7 

38 

46 

0.28 
0.14 
0.18 
0.23 
0.12 
1.2 

0.68 
0.14 
0.32 
0.68 
0.24 
0.42 
0.16 
0.76 
0.12 
0.83 
0.46 
0.1 

0.62 
0.23 
0.08 
0.26 
0.32 
0.07 
0.13 
0.24 
0.1 
0.14 
0.22 
0.08 
0.12 
0.05 
0.16 
0.18 
0.1 

0.14 
0.2 

0.09 

8300/11^)00 
R = 0.697 

440 

7900/11100 
R = 0.71 

7800/ll(iOO 
R = C.672 

470 

110.7 

110.7 

110.6 

110.6 

110.7 

110.7 

110.7 

110.7 

110.7 

110.6 

110.7 

110.7 

110.6 

110.7 

0.01333 

0.01334 

0.01333 Additional Air pump 

0.01.= 32 

Air flow adjustment 

0.01401 

0.01401 

0.01400 

0.01419 

0.01418 

0.01419 

Air flow adjustment 
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TABLE ElB 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FC»R SBRl 

Date Time Openiticnal Piiiavieters 
pH(StUii) ' )0 (ngO2/L) DOCI-:.mln) Feed (ml) Temp 

Effluent Amilytical Data (mg/L) MLVSS/MLTSS NH3-N nitrif NH3-mtr/VSS 
TKN load (mg/L) COD NHS-N N03-N TSS VSS Ratio (mg/L) (mg/mg) 

May-07 

May-08 

May-09 

May-10 

May-11 

May-12 

May-13 

May-14 

May-15 

May-16 

May-17 

'i6:30 
23:00 
9:00 
17:00 
23:00 
9:00 
16:30 
23:00 
9:00 
:.7:00 
23:00 
10:00 
.23:00 
10:30 
2J;:30 
8:30 
17:00 
23:00 
9:00 
17:00 
;23:00 
9:00 
16:00 
: B : 0 0 

8:30 
16:30 
23:00 
8:30 
16:30 
:13:00 
10:00 
13:00 

7.3 
7.4 
7.4 
7.3 
7.4 
7.3 
7.4 
7.4 
7.4 
7.3 
7.4 
7.4 
7.3 
7.4 
7.4 
7.3 
7.4 
7.3 
7.4 
7.4 
7.4 
7.4 
7.4. 
7.4 
7.4 
7.3 
7.4 
7.3 
7.4 
7.4 
7.4 
7.3 

!'.9 
!..6 
!..9 
(..1 
I..3 
:i.9 
!i.3 
^.1 
•^• .3 

f'.S 
5'.9 
f..2 
6.4 
5..9 
f..l 
(p .2 

;..« 
t i . l 

(..2 
2 

,4 
. ') 

(..2 
(..4 
l>.9 
13.1 

.'3.9 

13.3 

,'3.8 

•1.4 

I.e 

1.9 

1.9 

1.5 

2.1 

3.1 

1.5 

I f 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

29 
29 
28 
28 
28 
28 
29 
29 
29 
29 
28 
28 
30 
29 
29 
29 
28 
28 
30 
28 
28 
29 
29 
28 
28 
28 
29 
29 
29 
29 
28 
28 

108.0 

108.0 

108.0 

108.0 

108.0 

108.0 

108.0 

108.0 

108.0 

108.0 

86.7 

0.1 
0.22 
0.08 
0.2 

0.26 
0.11 
0.28 
0.31 
0.65 
0.26 
0.29 
0.15 
0.27 
0.18 
0.78 
0.37 
0.43 
0.31 
0.22 

1.2 
0.56 
0.09 
0.24 
0.31 
0.08 
0.09 
0.29 

0.1 
0.1 

0.25 
0.12 
0.28 

110.7 

108.0 

107.5 

7200/9800 
R = 0.734 

108.2 

108.1 

108.0 

108.0 

Diffusers rijplaced 
Additional Pump 

7500/10800 
R = 0.6S>4 

108.5 

108.0 

107.8 

0.01440 

0.01437 

0.01442 

0.01502 

0.01500 DO batteries replaced 

0.01500 

108.0 0.01500 

CF;i 19023(101 
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Opeialioral ^''arameters 
rH r i U n ) r C ii.ijO:;11 D O (15 mi>.) Feed (ml) 

Effluent Analyt ica l Data (mi/L) MLVSS/MLTSS NH3-N n i t r i f NH3-nitr/VSS 
Temp TKN load (mg/L) COD NH3-N N 0 3 - N TSS ''SS Ratio (mg/L) (mg'mg) 

May-18 

May-19 

May-20 

May.21 

May-22 

May-23 

May-24 

May-25 

May-26 

May -27 

May-2S 

\ 1 a y - » 

Ma)-30 

Ma\-31 

lun-01 

lur-02 

1 1 , . 

23 • 
f. 0 

1 6 ' " 
: .3. . 
SO 
16 1 
22 1 
'13 
17 ',. 

22 ' 
a.o 

72 . 
9 3 

1 7 ". 
2:2 
10. . 

;L2 . 
q.3 

2.3 .. 

6.3 

22 ' 
8:3 

•8 .1 
23 0 
1)0 

•7 .1 

23 .1 

ao 
.6 1 
23 .1 
8:^ 
.7 0 
23 .1 
:o .1 
23 •! 
• ' [ • 

23 '1 

9:0 ' 

lun-04 

lun-05 

lun-06 

lun-07 

lun-Oe 

18 •! 

23 •;. 
.3:7 
17 .1 

23 >) 
J. f i 

17 >' 

23 .1 
9:? 

17 •) 

23 "1 

10 '1 
23 «i 
.J:r 

23 .1 

5.1 
3.9 
3.7 
39 
5.8 
3.3 
6.4 
59 
61 
59 
53 
5 1 
59 
58 
53 
54 
39 
31 
52 
53 
59 
58 
59 
5.1 
39 
59 

59 
6 1 
61 
59 
63 
61 
61 
59 
63 
6.1 
5.9 
5.8 
6.1 
5.9 
6.3 
6.1 
5.9 
6.2 
64 
61 
5.7 
6.1 
5.9 
58 
6.1 
5.9 
6.1 
5.9 
5.8 
6.3 

2 2 

23 

25 

18 

13 

14 

28 

21 

18 

15 

29 

29 
30 
29 
30 
29 
29 
30 
29 
30 
30 
29 

29 
29 

29 

29 
28 

28 
29 

29 
30 

28 
29 

29 
29 

30 
29 
29 
30 
29 
30 
28 
29 
29 
29 
30 
28 
29 

29 

29 

30 
29 

30 

28 
29 

29 

29 
28 
29 
29 

28 

29 

29 

29 

28 
28 
29 

29 
29 

86.7 

86.7 

86.7 

86.7 

86.7 

86.7 

86.7 

86.7 

86.7 

91.0 

91.0 

95.3 

99.7 

99.7 

104.0 

108.3 

1127 

117.0 

121 3 

130.0 

130.0 

124.0 

0.06 

0.23 
0.05 
0.19 
031 
0.06 
0.42 
0.48 

48 0.04 
0.09 
022 
0.03 

0.11 
0.22 

0.05 
0.09 
018 

019 
0.16 

016 
018 

0.12 
057 

0.36 
0.11 

0.35 
0.22 
0.14 

02 
0.28 
014 

064 
043 
O i l 
061 
0.32 
0.71 

023 

0.06 
019 

0.07 

0.09 

014 
0.04 

0.12 

0.19 
0.07 

0.05 
0.09 
0.08 

0.82 

0.28 

1.2 

0.8 

016 
068 
046 
0.07 

0.18 

7100/9800 
R - 0 724 

6900/9700 
R = 0.711 

6700/9600 
R = 0698 

866 

86.5 

86.7 

86.7 

86.7 

120.2 

130.5 

130.6 

0.01221 pH probes cleaned 

0.01253 Diffusers cleaned/replaced 

0.012SI 

7200/10700 
R - 0 673 

7100/10500 

R - 0.676 

95.4 

99.1 

100.3 

104.0 

108.4 

0.01375 

001375 

0.C1393 

0.01465 

0.01525 

Ammonia electrode membnne 
replaced, electrode calibrated 

Air flow adjusted 

HRT = 5 days set up 

Air flow adjusted 
Additional pump connectetl 

A i r f l ow adjusted 

2 diffusers replaced 

100 % feed at 5 HRT 
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Operat'ontil Parameters 

lun-ll 

f 3 
17: 
22: • 

f;3 

lun-14 

lun-15 

lun-16 

lun-17 

lun. l8 

73 
f 3 

9 0 
2.2. 
S 3. 
17.: 

23 
E.J 
17 

2.2 

lun-21 

)ufi-22 

|un-23 

|un-24 

|un-25 

|un-26 

lun-27 

lun-28 

|un-29 

23 
0 

23 
ij.f. 
23 
".(. 
•7 

:i2 

9:0 
.7 
22 
'1:0 

22 
9 0 

22 
'1:0 

22 

' 0 

23 
tl-3 
:i2 ll 

( Uni 

' 4 
• 3 

• 5 

: 4 

: 4 
: 4 
• . 5 

; 
.3 
5 

.4 
4 

-1 

• . J 

• 5 

• 4 

4 
3 

• . 3 

-f 

.1 

.5 
3 

.4 

.4 

.1 
3 

.3 

3 
1 

3 
4 
4 

D 0 ( m f O - . . l } l<0 

.'1.9 

(.1 
5.9 
1.1 

:i.9 
.3.8 

3.5 

i.l 
3.9 

3.8 
3.1 
5.9 
. .3 
...1 
3.9 
11.2 
1.4 

. 3 . 1 

5.7 

. . . 1 

3.9 
3.8 

• 3 l 

3 9 
).8 
j .9 
3.9 
3.8 
59 

5.9 

5.8 
3.9 
32 
5 8 
51 
57 

4 1 
5.9 
6 

5 9 

51 
58 

59 

5.9 
5.8 

3.9 
5.9 
5.8 

5.9 
3.2 
5.8 

3.9 

59 

58 

59 
59 
5.8 

15 min i 

1.4 

1.3 

1.8 

1 6 

1.9 

1 9 

2 1 

1 9 

1 i 

1.6 

1 8 

1.7 

1.9 

1.8 

2.1 

1.3 

1.6 

1.7 

1.6 

1.8 

1.6 

'eed (ml) 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3O0O 

3000 

3000 

3000 

Temp 

28 

28 
28 
29 

28 
28 

29 

28 
28 

29 
29 

29 
28 
28 
28 
29 

28 
28 
28 
29 
29 
29 

28 
28 
28 
29 
28 
29 
29 
29 

28 
28 
29 
29 
29 

28 
28 

28 
29 

29 
30 
29 

30 

30 

30 

29 
30 
29 

29 
30 
29 

30 

30 
30 

29 
29 

30 

Effluent Analytical Data (my/L) 
TKN load (mgO.) COD NH3-N N03-N TSS VSS 

124.0 

124 0 

124.0 

124.0 

1040 

104.0 

104.0 

IfM.O 

158.0 

158.0 

158.0 

158.0 

0.% 
0.05 
0.25 
0.06 
0.08 
009 
006 
0.05 
0.09 
0.08 
0.09 
0.07 
0.06 
009 
0.08 
0.07 
0.09 
0.06 
0.08 
0.05 
006 
O.OS 
004 
0.09 
0.08 
006 
014 
007 
005 
006 
0.09 
008 
O.M 
007 
005 
0.06 
0.03 
0.05 
0.04 
0.06 
004 
0.05 
004 
0.04 
0.05 
006 
0.03 
005 
0.04 
0.06 
0.04 
0.05 
0.05 
0.04 
0.04 
0.05 
0.06 

MLVSS^irSS NH3-N nitrif NH3-niti/VSS 
Ratio (mg'L) (mg'mg) 

7300/10800 123.1 0.0,68(i 
R = 0.675 

7200/9500 
R = 0.757 

6200/9050 
R . 0.685 

5600/7500 
R = 0.746 

1240 

124.0 

124.0 

124.0 

1240 

124.0 

104.0 

104.0 

101.0 

104.0 

1580 

158.0 

158.0 

158.0 

158.0 

0.01711 1 L M L l a k e n t o R # 2 

1 L make up water added 

0.01711 

0.0171! 

0.0171! 

250 ml of M L wasted lor arittlvses 
Air flow adjusted 

0.0167^ 250 ml of M L wasted for an.il/ses 

250 ml of M L wasted for an.ilyses 

250 ml of ML wasted for an.dyses 

00185 ' 200 ml of ML wasted 

O02821 200 ml of M L wasted for analyses 

0.02821 200 m l of M L wasted 

0.02821 20O ml of M L wasted 

250 ml of M L wasted for an.-ilyses 

250 ml of M L wasted for an. lyses 

0.tt!92l) 200 ml of M L wasted 
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J Oyer tU iorill Parameters 

f H I .( Un) CC (r igO.A ) 0 0 '15 mint 

Effluent Analytical Data (mi/L) MLVS^MLTSS NH3-N nitrif NH3-nitr/VSS 

Feed (ml) Temp TKN load (mg/L) COD NH3-N N03-N TSS "SS Ratio (mgn.) (mg'mg) 

u n - 3 0 

.Iul-01 

Ju l -02 

l u l - 0 3 

l u l - 0 4 

l u l - 0 5 

)u l -06 

| u l - 0 7 

j u l - 0 8 

l u l - 0 9 

l u l - 1 0 

Ju l -11 

I u l - I 2 

| u l - 1 3 

| u l . | 4 

Ju l -15 

Ju l -16 

Ju l -17 

Iul-18 

Ju l -19 

| u l - 2 0 

a o 

', 7 ' . . 

:.2 

8:3 

:L2 . 

'1.0 

" 7 .1 

:!2 '1 

9 0 

17 .1 

22 .1 

1<:3 

17 .1 

23 .1 

V I 

.22 1 

.3:3 

23 • ' 

3 ? 

14 .1 

17 1 

22 1 

=.l 

17 .1 

22 ..1 

3.2 

17 . ) 

23 >. 

3? 

17 .1 

22 >3 

?.( 

17 ..) 

22 -3 

?:( 

22 .1 

3:1 

22 M 

?::. 

17 .1 

23 •) 

3: : 

17 .J 

23 0 

i):l ! 

17 •) 

23 • ! 

;):( 
17 0 

23 13 

3:1 . 

17 0 

23 13 

9:1 . 

22 .3 

8:1 : 

22 :0 

• .3 

- . 3 

" . 3 

.3 

.4 

.4 

•.4 

•.3 

•.3 

-.3 

' 4 

".4 

'.4 

t 3 

• 4 

'.3 

'.3 

' .9 

1.1 

1 2 

' .6 

' .8 

'.̂  
-.8 

3.6 

1.2 

' .6 

• f , 

' .5 

•.-
•.3 

' 4 

• 5 

' 4 

' 3 

' 3 

' 4 

' 3 

' 4 

' 3 

' 3 

' 6 

' 6 

' 5 

' 7 

' 3 

' 4 

' 6 

' 6 

' 5 

• 7 

' 6 

' 6 

' 5 
7 7 

' 3 

5.9 

5 9 

5.8 

3.9 

3.9 

5 8 

5.9 

6 2 

5 8 

5 8 

5 9 

5 9 

5 8 

5 9 

5 9 

6 3 

5 8 

6 1 

5 9 

6.1 

5 9 

5 9 

6.3 

5 9 

6.1 

5.9 

6 

5.9 

5 8 

5.9 

5 8 

5.9 

5.9 

5.8 

5.9 

5.8 

5.9 

5.9 

3.8 

5.9 

6.2 

5.8 

5.9 

5.8 

5.9 

5 8 

5.9 

3.9 

5 8 

5.9 

5.8 

5.9 

5.9 

6.1 

6 1 

5.8 

5.9 

1.6 

1.7 

1.8 

1.7 

1.6 

1 5 

1 1 

1 7 

3 2 

2 9 

2.8 

3.3 

2 9 

2 8 

2 7 

2 5 

2 2 

2 2 

2 1 

2 2 

2 1 

29 

3 0 

30 

30 

2 9 

30 

30 

30 

3 0 

30 

30 

30 

29 

3 0 

3 0 

31 

30 

29 

3 0 

3 0 

3 0 

3 0 

30 

30 

3 0 

2 9 

30 

3 0 

3 0 

3 0 

3 0 

3 0 

30 

30 

3 0 

2 9 

3 0 

3 0 

30 

31 

3 0 

30 

3 0 

3 0 

3 0 

3 0 

3 0 

2 9 

3 0 

3 0 

3 0 

30 

3 0 

30 

30 

31 

3 0 

158.0 

158.0 

158.0 

158.0 

158 0 

52 .7 

105.3 

3 9 3 

3 9 3 

39.3 

39.3 

43.3 

47.2 

47 .2 

51.1 

55.1 

62 .9 

70.8 

78 .7 

86.5 

90 .5 

0 0 3 

0.05 

0.04 

0 .06 

0 .04 

0.03 

0.04 

O 0 7 

O 0 3 

0 0 3 

0 0 8 

0.02 

0.03 

0 0 5 

1.5 

0.08 

0.04 

0.05 

1.2 

46 .5 

4.8 

1.2 

0.36 

1.6 

0.43 

0 1 4 

0.78 

0 8 3 

2.3 

0 8 

0 3 

1.2 

0 2 

0 6 

0 .08 

0 1 6 

0 .36 

0.21 

0.22 

0.09 

0.07 

O i l 

0 1 

0.3 

0 1 6 

0 1 3 

0 1 4 

0 1 8 

0 .09 

0 .21 

0.08 

0.09 

0.12 

0.06 

0 .09 

0 0 2 

0 0 8 

5400/7200 

R = 075 

4800/6300 
R » 0761 

6600/8700 
R = 0.758 

158.0 

158.0 

158.0 

158.0 

156.5 

54.1 

1042 

70.9 

78.7 

866 

0.0!92i. 

002925 20O ml of M L wasted 

0.02926 

20O ml of M L wasted 

pH prolje mulfunction. soda ash overfi.t(l 
raw feed stopped, feed with water 
pH adjusted wi th H3P04 
Foaming 
raw feed stopped, feed with water 
pH adjusted wi th H3P04 
pH adjusted wi th H3P04 

pH adjusted wi th H3P04 

feed reduced 
5 g PAC added 
pH adjusted wi th H3P04 
feed reduced 

feed reduced 

feed increased 

5 1 0 0 / 7 1 0 0 

R » 0.718 

42.3 

47 .2 

47 .2 

O.C0829 

0.C0925 

OC0925 

5 g P A C a d d e d 

p H a d j u s t e d w i t h H 3 P 0 4 

0.CO834 I S g P A C a d d e d 

0 C0953 15 g PAC added 

0.C1074 I S g P A C a d d e d 

10 g PAC added 

1 L M L exchange with R# 2 

O.C1056 1 L M L exchange with R# 2 
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Opetiitionnl Parameters 

lul-21 

[ul-12 

lul-23 

lul-24 

lul-:5 

lul-26 

l u l - l -

lul-28 

.Iul-29 

lul-30 

[ul-31 

\ug-01 

\ug-02 

^uf;-03 

\ue-W 

\ug-05 

^uf,436 

'\uj;-07 

^us-08 

'VUR-09 

(iug-lO 

^ug-11 

S.3 
•7 ' . 

:;3 <i 
9:0 

7 l l 

23 •! 
9 0 
17 .1 
23 .1 
'1:0 
;7 .1 

23 .1 
" 0 
-7 ,, 

;;3 .' 
(|.0 

.72 ' 

'1:0 
:2 .. 
(13 

23 ' 
0:0 

22 1 

•1:0 

22 i 

H.3 

23 .1 

'10 

n .1 

'10 

:i2 .1 
'10 
22 .1 
'1:0 

1,0 

•.7 -1 

:!2 1 

ll-? 
17 ' . 

23 .; 
9:0 

17 ••' 

22 1 
1)0 

17 •} 

22 •; 

•M' 

22 •! 

9:0 

22 1 
3 3 

17 .1 

pH I ( tin) CC (m^0:,1) n o ISminl '•eed(ml) Temp 

59 
55 
55 
66 
68 
64 
66 
64 

Effluent Anal i i t ical Data (mg/L) MLVSS/MLTSS NH3-N n i t r i f NH3-nitr/VSS 
TKN load (mg'L) COO NH3-N N 0 3 - N TSS VSS Rat io (mg/L) 

74 

"2 

39 

59 

65 

66 

68 

64 

65 

66 

68 

64 

6.6 

64 

6.5 

6.6 

6.8 

6.4 

6.5 

67 

5.9 

65 

6.6 

6.8 

6.4 

65 

6.6 

6.8 

64 

3.S 

3.4 

3.3 

22 

21 

23 

2500 

2700 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

300O 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

30 

30 

25 

30 
30 
30 
30 
30 
30 
30 
30 

30 
30 
30 
30 
30 
30 

30 
30 
30 

30 
30 

30 

31 

30 
30 
30 
30 
30 
30 
30 
31 
31 
30 
30 
30 
30 
31 
30 
30 
30 
31 
30 

30 
30 

31 
30 

31 

30 
30 

30 

30 

30 

30 

30 

30 

31 
30 

30 

1640 

1340 

134.0 

134.0 

134.0 

134.0 

1560 

156.0 

156.0 

156.0 

156.0 

1440 

1440 

1440 

144.0 

0.04 
0.08 
006 
0.04 
0.03 
006 
0.03 
0.04 
0.02 
0.08 
004 
002 

aos 
0.04 

008 

0.06 

0.08 

0.04 

0.02 

0.08 

0.01 

0.08 

0.06 

008 

012 
0.1 
0.06 

0.09 
0.05 
0.04 
0.08 
0.06 

O.Ot 

0.06 

005 

008 

0.03 

0.09 
0.03 
0.08 
0.02 
0.06 

0.12 

002 

005 

O06 

002 

0.07 

0.05 

0.03 

0.04 

0.03 

0.02 

0.02 

0(J3 

0.03 

002 

0 03 

006 

8200/10500 

R = 0.780 

7900/10200 
R = 0.775 

8200/10100 

R = 0.788 

(mg'mg) 

o.oiim 

aawf) 

1 L ML exchange with R» 2 

Heater replaced 
Aerators replaced 

0.01800 Air flow adjusted, IX ) calibrated 

8600/10700 
R - 0 803 

164.0 

1640 

134.0 

134 0 

0.0190' 

0.0190' 

0015M 

Wasted 150 ml M L 

Wasted 150 ml M L 

Wasted 150 ml ML 

Wasted 150 ml M L 

Wasted 200 ml M L 

Wasted 100 ml ML 

Wasted 150 ml M L 

Wasted 150 m l M L 

7500/10100 
R = 0.742 

134.0 

156.0 

156.0 

156.0 

O.02O8.1 

00208.3 

0.0208.) 

Wasted 150 ml ML 

Wasted 150 ml ML 

Wasted 200 ml ML 

Wasted 150 ml M L 

156.0 Wasted 150 ml M L 

156.0 0.0190! Wasted 225 ml ML 

144.0 0.0175-i Wasted 100 m l M L 

144.0 0.0175.; Wasted 200 ml M L 

144.0 Wasted ISO ml M L 

144.0 0.02182 Wasted 150 ml ML 

file:///ug-01
file:///ug-02
file:///ue-W
file:///ug-05
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'••ug-12 

3ug-13 

3ug-14 

3ug-l5 

>.ug-16 

\ug-17 

9 9 

22.1 

83. 

..-). 
e> 
lo: 
22: 
CO 

15:. 
2.2:' 

" 0 
2.2.' 

" 0 

\ug-19 

3ug-20 

Aug.21 

.\ug-22 

i.ug.23 

Aug-24 

i.UE-25 

."3. 
p., 

22:' 

= 0 

22:. 
5 3i 

22: 
f 31 

2.2. 

" 0 

f.3' 
2:2 
" 0 

OptriloinlJnrignflfrs Effluent Analytical Data (mffl) MLVS^MLTSS NH3-N nitrif NH3-n'tr/VSS 

I eed (ml) Temp TKN load (mg'L) COD NH3-N N03-N TSS VSS Ratio (mffl) (mg'mg' 

6600/8200 144.0 0.0;:18; Wasted 175 m / M L 
R - a 8 0 4 

p l l ' t W i ) Da(7ii;(0aii ri3'15mini 

6 6 

(-.5 

6 6 

• 35 

...6 

M 

. . .9 

...6 

3.4 

3.5 

2..3 

3.1 

A u g - 2 6 

A u g - 2 7 

A u g - 2 8 

A u g - 2 9 

A u g - 3 0 

a,ug-31 

5 e p - 0 1 

5 e p - 0 2 

:7 
-i-t 1 

H.3 

22 '• 

" 0 

22 ' 

8:3 
7 •' 

22 .1 

' lO 

17 -1 
22 .1 

'):0 

7.2 •! 
.JO 

21 .1 
9:0 

22 .1 
8:3 
17 .1 

.22 '1 

.5 

.5 

.3 

.4 

.5 

.5 

.6 

-.5 
' 7 

•.3 

•.4 

•.3 
•.3 

'.4 
•.4 

'.3 
*.3 
'.4 

'.6 
'.5 
' • ' 

•3 

54 

55 
57 

56 
57 

58 
58 

5.6 

58 
69 

5.6 

67 

68 
68 

66 

68 
6.9 

6.6 
6.7 

6.8 
6.7 

67 

66 

I S 

3.1 

3.3 

3.2 

1.4 

31 

33 

32 

3000 

30 
31 
30 
30 
30 
30 

30 
28 
25 
29 

30 
30 

30 
30 
31 
30 
30 
30 
29 

30 
30 
30 

29 
30 
31 
31 
29 
30 
30 

30 
30 
29 
30 

29 
29 
30 
30 

30 
30 

29 

30 

31 
29 

30 
30 
30 

30 

29 

29 
30 

30 

30 

30 
29 
30 

29 
29 

30 
30 

142.0 

1410 

94.7 

142.0 

142.0 

142.0 

142.0 

200.0 

20O.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

200.0 

1440 

144.0 

144.C 

1440 

1440 

164.0 

0.03 
0.04 
0.07 
0.03 

0.03 
0.02 

0.03 
006 
0.03 
0 05 
0.03 
0.04 

0.06 
O05 

0.06 
004 
0.06 
0.04 
0.05 
0.06 
0.05 

0.06 
0.04 
0.03 
0.03 
0.02 
0.06 
0.04 
0.06 

0.05 

ooe 
0.03 
ao9 
0.03 
008 
0.02 
006 

0.04 

0.02 
0.04 

0.05 
006 
0.09 

O08 
0.05 
0.08 

0.02 

0.06 

0.08 
0.02 

0.06 
0.04 

0.02 
0.04 
0.03 

0.05 
0.02 

005 
0.08 

7050/9100 
R = 0.774 

6800/8600 

R - 0.790 

200.0 

200.0 

200.0 

200.0 

Wasted 150 m l M L 

No power since 4:20 pm 
No feed, no aeration 
Power restored at ~ 23:00 
Aerators partly replaced 
Feed line cleaned 
150 mg FeCI3 added 

69OO/9I0O 
R = 0.758 

142.0 

142.0 

1420 

0.02058 

0.02058 

5 g PAC added 

150 mg Fea3 added 
Wasted 175 m / M L 
150 mg Fea3 added 
Wasted 150 ml M L 

150 m g F e a 3 added 
Wasted 150 ml ML 

150 mgFeCI3 added 
Wasted ISO ml M L 

150 mgFeCI3 added 
Wasted 150 ml M L 

300 mg FcCI3 added 

Wasted 150 ml M L 

Wasted 100 ml ML 
300 mg FeCI3 added 
Wasted 150 ml M L 
300 mg Fea3 added 
Wasted 200 m l M L 

300 mg FeCI3 added 
Wasted 100 ml M L 

300 mg FeCI3 added 
Wasted 150 ml M L 

300 mg FeCI3 added 

Wasted 150 ml M L 

300 mg FeCB added 

Wasted 225 ml ML 

6700/9200 
R = 0.073 

144.0 

144.0 

144.0 

144.0 

0.02149 

0.0214') 

450 mg FeCB added 
Wasted 100 ml M L 

450 mg FeCI3 added 

450 mg FeCI3 added 

Wasted lOO m l M L 
450 mg Fea3 added 

Wasted 150 ml M L 

file:///ug-17
file:///ug-19
file:///ug-22
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Date 1 .ne 

•lep-«3 

Sep-O) 9 0 
16: 

Sep-05 f 3i 

OpfrJT oiiatjParameters 
• tU . i ) nO(.l i ,S02,Ll t ' O i l S m i n i 

sep-06 

Sep-07 

Sep-08 

5ep-<19 

5ep-10 

Sep-n 

22 1 

0 0 

2 2 . . " 

0 0 

72.' 
e.3' 
17. 

22. 
f 31 
1":.:.' 
22. 

= 0 

16. 
22:' 

9.0 
16: 
22:' 

1 

4 
3 

.4 

3 
p 

.5 

-
• 3 

: 4 

• 3 

:.3 
: 4 

: 4 

' .3 

.4 

• i7 

).6 
•3.7 

•1.8 

• J .7 

..6 

.1.5 

...7 

11.6 

...8 
1.6 

1.8 
I..7 

1..6 

11.6 

ii.7 

29 

3.1 

3.2 

3.3 

32 

3.3 

Sep-12 

Sep-13 

5ep-14 

Sep-15 

Sep-16 

Sep-17 

Sep-IB 

5ep-19 

5ep-20 

Sep-21 

Sep.22 

9 0 
22:'.-

SO 
22-1 
f 3' 
17.|. 

22 

QO 
17 

2:2. 
0 0 

16 

22 .. 
'1.0 
"7 .1 

22 1 
<1:0 

7 "1 

22 .1 
S.3 
22 .1 

8.3 
:!2 '1 

'1:0 

7 '1 

• 1 

:-.4 

• . 3 

• . 4 

• 3 

• . 4 

.3 

.4 

.6 

,3 

.7 

-.3 
.3 
4 
3 

• 3 

.4 
-.3 

• .3 

.4 

•.3 

•.5 

•.4 

n.7 

. . .8 

...7 

.1.7 

.1.6 

3.8 

•3.6 

>.6 

3.8 

36 
1.8 

3.7 

36 
57 

56 
58 
56 
58 
5.7 

56 

5.8 
5 7 
5.6 

58 

67 

3 1 

3 2 

32 

3.2 

2 9 

3.1 

19 

5.3 

3.1 

32 

Feed (ml) 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

Tmip 

30 

30 

30 

29 

29 

30 

30 

30 

30 
29 

30 

29 

29 

30 
29 

29 

30 
29 

28 

28 

27 

17 

26 

25 

25 
25 

25 
25 

26 

24 

24 

23 
22 

21 

22 

21 

21 
21 
20 

21 

21 

20 

20 
20 

20 

20 

20 

21 

21 

20 

20 

21 

22 

Effluent Anah/tical Data (mt/L) MLVSVlWLrSS NH3-N nitrif NH3-n\tr/'SS 
Temp TKN load (mg/L) COD NH3-N N03-N TSS VSS Ratio (mg/l.) (mg'mg' 

164.0 

164.0 

164.0 

1640 

1640 

164.0 

164 0 

164.0 

1640 

164.0 

164.0 

178.0 

1780 

178.0 

178.0 

0.02 

0.07 

0.06 

008 

0.02 

0.06 

0.04 

002 

0.02 

0.06 

0.04 

0.02 

004 

0.03 

0.02 

004 

005 

0.06 

0.07 

0.08 

0.05 

008 

002 

0.01 

0.02 

0.02 

0.O4 

0.02 

0.02 

0.06 

0.04 

0.02 

0.04 

0.02 

004 

0.02 

0.04 

002 

002 

0.04 

002 

ooe 
005 

0.06 

O07 

0.08 

0.05 

O08 

0.02 

001 

002 

0.03 

0.04 

5900/9200 
R - 0641 

164.0 

164.0 

164.0 

164.0 

164.0 

600 mg FeCI3 added 

Wasted 100 ml ML 

600 mgPeClS added 

Wasted 150 ml ML 

5800/8800 
R - 0.66 

5700/8900 
R = 0.64 

164.0 

164 0 

164.0 

164.0 

0.0:!82fi 

0.a>827 

0.0:!87ll 

0 0 ! 8 7 ' 

600 mg FeCB added 
Wasted 175 m l M L 

900 mg FeCB added 
Wasted 150 ml M L 

900 mg FeCB added 

900 mg FeCB added 
Wasted 175 ml M L 

001201 

3900/5900 
R - 0661 

3800/5200 

R - a 7 3 

178.0 

178.0 

1780 

178.0 

0.0156.1 

0.OI56.I 

0016811 

0.O168.1 

900 mg FeCB added 
Wasted 150 ml ML 

900 mg FeCB added 
Wasted 150 ml M L 

Temp, adjusted at 26 oC 
900 mg FeCB added 
Wasted 150 ml M L 
900 mg FeCB added 
Wasted 100 m l M L 

Temp, adjusted at 24 oC 
600 mg FeCB added 
Wasted 100 ml M L 

2 L of M L replaced wi th water 
600 mg FeCB added 
Temp, adjusted at 21 oC 
I L of M L replaced wi th wati?r 
600 mg FeCB added 

IL ML replaced wi th water 

600 mg FeCB added 

60O mg FeCB added 
Wasted 150 ml M L 

Wasted 100 ml M L 
600 mg FeCB added 
600 mg Fea3 added 

600 mg FeOS added 

Upset induced by turning off air 

with 2 feed cycles 



TABLE EIC 
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Opera t 'on t i l P a r a n u t e r s 
pH < t U n ) DO ( i i g O : / l > I ' O 15 min) Feed (ml) 

D':tailsfof Sej 2 3 . II S ip- l ' i in Ups i t Srnnmary Talile 1 

Sep-25 9 0 -.5 6 6 3.3 3000 

|7.^ : . - 6.7 

22 ' ' 3 . )8 

Sep-26 " 0 .1 -1.7 3.1 3000 

22 .. .4 5.7 

Sep-27 9 0 .3 5.6 3 2 3000 

: a <> .7 5.7 

5ep-28 '1:0 .3 5.8 3.1 3000 

22 .1 .3 5 7 

5ep-29 '1.0 .4 5 7 3.1 3000 

7 .1 -.3 56 

D..f(i/7s/t.r >f/ 7 9 : / t O ' - r . in llpf.e ^ u r t m a . y Taiile 1 

57 

5.6 

56 

5 6 

5 7 

5.7 

5.8 

Effluent Ana ly t i ca l D a t a (mg/L) MLVS^MLTSS NH3-N ni tr i f NH3-nitr /VSS 

Temp TKN load (mg'L) C O D NH3-N N 0 3 - N TSS VSS R a t i o (mg'L) (mg'mg) 

Ocl-03 

a-t-04 

01-05 

(Tct-06 

'1:0 
7 

22 

'1:0 
:!2 
'10 

22 

8.3 

a-t-08 

Oct-09 

O:l-10 

.A- l - l l 

0.-1-12 

Ocl-13 

Oct-14 

a-i-is 

Oct-16 

13.3 

17 

:i2 

3.3 
17 
22 
33 

17 

22 
•3.( 

22 
).f 
22 
31 

22 
3:3 

17 

22 

3:3 

22 

?! 

' • 3 

' • 5 

' 8 

»9 

' 9 

' 3 

6 6 

5 8 

6 6 

6 8 

6.6 

6 7 

6 6 

0.8 

6.7 

6.6 

6.6 

6.6 

6.9 

^ 2 

7 5 

7 8 

7.6 

7.2 

7 4 

7.1 

1 1 

19 

2 6 

2 8 

2 7 

2 8 

5000 

29 
29 
27 

25 
25 
13 

23 
23 
22 
23 

178.0 

178.0 

178.0 

178.0 

178.0 

0.09 
O06 
O07 

0.05 
006 
0.05 
O07 
004 

O06 
0.05 

30 

30 
29 

30 

30 
29 
30 

30 

30 

30 
30 
30 

30 

30 
30 

30 
30 
30 
30 

29 

28 
28 
26 
25 
24 
23 

23 
13 
21 

20 

20 

20 

19 
20 

19 

19 
19 

19 

19 

178.0 

178.0 

178.0 

207.7 

222.5 

1373 

267.0 

2967 

296.7 

296.7 

296.7 

296.7 

296.7 

296.7 

106.8 

0.03 

0.06 
0.04 

003 
004 
0.05 

O06 

005 

O03 

003 
004 

0.05 
0.03 

006 
O05 

0.03 
001 
O05 
0.03 

0.03 

004 
005 
0.03 
003 
004 
005 

0.03 
0.06 
0.05 

0.04 

008 

ao3 
O i l 
009 

0.04 

0.03 
004 

002 

0.06 

4400/6300 

R = 0 6 9 8 

2900/4600 

R = 0.63 

178.0 600 m g FeCB a d d e d 

Wasted 150 ml ML 

178.0 600 mg FeCB added 

178.0 600 mg FeCB added 

Wasted 150 ml ML 
178.0 0.0404,'i 600 m g FeCB added 

178.0 0.0)04:3 600 m g FeCB added 

Upset induced by N a O H ac:dition to i.H 11.5 

wi th one feed cycle 

600 m g F e 0 3 added 

Wasted 150 ml ML 

4200/6400 

R = 0656 

178.0 

178.0 

207 

222 

237 

0 04043 

0 04045 

0.04703 

600 mg FeCB added 

Wasted 150 ml ML 
600 mg FeCB added 
Wasted 100 ml M L 

600 mg FeCB added 

Feed extended lo 4 days HRT 

New timer mstalled 
600 mg Fea3 added 
Wasted 100 ml M L 

Feed extended lo 3.5 days HRT 

600 mg Fea3 added 
Wasted 200 ml M L 

4100/6300 

R - 0650 

3600/5500 

R = O650 

297 

297 

297 

297 

297 

0.07241 

0.07241 

O0825D 

0.08253 

600 m g FeCB a d d e d 

Wasted 200 ml ML 

Feed ex tended lo 3 days HUT 

T e m p set up at 28oC 

600 m g FeCI3 added 

T e m p set u p at 25 oC 

600 m g FeCB a d d e d 

Temp set up at 23 o C 

600 m g FeCB a d d e d 

600 m g FeCB added 

Wasted 200 ml ML 

600 m g FeCB a d d e d 

Healer r emoved 

Wasted 200 ml ML 

600 m g F e a 3 a d d e d 

Wasted 250 ml ML 

600 mg FeQS a d d e d 

Wasted 250 ml ML 

Last feed lo the sys tem 

200 m g FeCB added 
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W A U K E G A N N F F R i n C A T I O N STUDY - A C C L I M A T I Z A T I O N - C L A I R T O N SLUDGE 

S U M M A R Y O F ANALYTICAL DATA A N D O P E R A T I O N A L PARAMETERS FOR SBR2 

Feb-09 

Feb-10 

Feb-11 

Feb-12 

Feb-13 

Fefv14 

FeWS 

F e H 6 

Feb-17 

Feb-18 

Feb-19 

Feb-20 

F e b l l 

Feb-22 

Feb-23 

Feb-24 

Feb-25 

Feb-26 

Feb-27 

Feb-28 

Mar-01 

Mar-02 

Mar-03 

Mar-01 

Mar-05 

Mar-06 

Mar-07 

Mar-08 

9:00 

9:00 
1.9.0C 
0:00 
18:00 
OPO 

IS:*;. 
9:00 
13.0'. 
9:00 
17:3(1 
1:00 
18-00 
0:0(1 

18:0(1 
0:0(1 
17:.3;i 

0:0(1 
18 0(1 
00(1 

18:0(1 

900 
18:0(1 
0:00 
18.0(1 
9 a i 
18:0(1 
9:0(1 
18:00 
0:30 
17 30 
9:ai 

180(1 
9:00 
17311 

9:00 

18:0(1 
9:ai 

18:00 
9.0(1 

1730 

90(1 

180(1 

9:00 

16:30 

900 
17311 

8:,30 
18.00 

9or 
17:00 

9;3i:' 
18 01 
9:0i:: 

17.10 

p l l (SI Un} 

Of.erat ional P a r i m i ters Effluent Anahft icat D a t a (mg/L) 

0 0 ( 1 5 mm) Feed (ml/day) 

7 6 

^ 5 

7 6 

•72 

:. 3 

:'.2 

7 6 

0.4 

6.5 

6.6 

8.2 

7 6 

7 8 

7 6 

7 4 

7 6 

7. 1 

7 2 

7 1 

7 9 

7 ? 

7 4 

7 6 

8 2 

7 9 

7 9 

8 

8 1 

7 8 

7 8 

, 4 

18 

. 6 

. 8 

3.2 

18 

5.4 

..2 

j 2 

58 

3.6 

5.8 

5.4 

5 5 

56 

5 9 

32 

38 

36 

5.5 

54 

58 

56 

56 

55 

5 8 

5 6 

34 

56 

56 

6.2 

5.4 

5.8 

52 

5 5 

5 6 

6 2 

54 

5 5 

52 

5.7 

6.5 

5 3 

5 8 

5.6 

5 6 

6.2 

5.5 

5.8 

5 6 

5.4 

5 6 

2.6 

I 8 

2 5 

2 6 

1 9 

2 3 

2 2 

2 2 

2 2 

2 4 

2 3 

22 

1 8 

2 2 

::7co 

.'.no 

::5(o 

:!4<0 

:!3(0 

:!2I0 

:!i(0 

:!a(i 

:w«3 

:io«3 

KKO 

:Ki(0 

lOO 

l O d 

KKIO 

mo 

3010 

)OlO 

301(1 

30110 

30 » 

28110 

271X3 

27110 

2700 

27 X) 

300 

40O 

500 

600 

700 

800 

900 

1000 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

200 

3C0 

300 

300 

300 

Temperature 
(oC) 

26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
28 
28 
28 
27 
27 
26 
28 
28 
28 
28 
28 
28 
28 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
26 
27 
27 
26 
26 
26 
26 
26 
26 
27 
27 
28 
28 
27 
27 
27 
27 
27 

TKN load (mg/L) 

0.0 

0.0 

16.2 

214 

26.7 

310 

37.3 

42.7 

48.0 

53.3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

96 

14.4 

14.4 

14.4 

14.4 

NH3-N N 0 3 - N TSS 

ML'/SS'MLTSS NH3-N ni tr i f N I I 3 - n i n A S S 

Ra t io (mg/L) 

180 

100 

150 

260 

220 

240 

I W 

160 

170 

160 

110 

140 

1,30 

150 

120 

110 

98 

120 

98 

92 

78 

84 

3.5 
3.1 
2.7 

1.6 
0 1 

015 
0 2 
0.3 
0 4 
0 2 

015 
0 2 

0.35 
0.3 
0 4 

025 
0 2 

015 
05 
08 
8.9 

7.3 

7.6 
9.2 
191 
171 
21 

116 
17 

16.2 
171 

9.8 
105 
11.9 
126 

106 
102 

96 

9.2 
96 
8.6 

8.3 

5 
5.2 

5 

2.8 

016 
0 2 

0 3 

0.3 

022 
034 

013 
016 
0.52 

0 4 

110 

110 

112 

115 

110 

96 

86 

75 

73 

68 

56 

50 

35 

32 

29 

28 

26 

36 

38 

40 

45 

49 

98 

240 

220 

170 

170 

25 

11 

18 

28 

22 

29 

46 

59 

64 

37 

62 

60 

190 

180 

64 

59 

18 

9 

12 

24 

22 

25 

38 

54 

60 

26 

53 

14X0/21200 

R =066 

15800/22800 
R = 0 6 9 2 

15200/21600 

^ - 0 7 0 3 

16200/22700 

^ = 0.713 

13300/21300 

R = 0624 

173 

21.4 

26.6 

32.2 

37.3 

42.7 

48.2 

53.3 

-0.3 

1:700/19700 
R = 064 

14 4 

144 

14.3 

144 

14 5 

0.00108 

O00I08 

0.00107 

0.00108 

0.00114 

no feed 

1.0gNa2CO3 

2 ml buffer 

0 6 g N a 2 C 0 3 

0.9 g Na2C03 

1.0gNa2CO3, lloirculant 

1 .0gNa2CO3, lloTCulant 

2.0 g Na2C03, no feed 

2.0 g Na2C0.1, no feed 

5.0 g Na2CQ3. -lo feed 

5.0 g N a 2 C 0 3 , no feed 

2.0 g N a 2 C 0 3 , t o feed, 2 ml buffer 

1.0gNa2CO3, no feed 

1.0gNa2CO3, no feed 

2.0 ml buffer, A.nionic flucculant 

1 0 ml buffer. VX) ml AS R # 3 

I .Omlbuffer , 3.30ml . « R # 3 

1 . 0 m l h u f f e ^ , 5 ^ X l m l . ^ S R # 3 

1.0 ml buffer, 500 ml .^S R # 3 

1.0 ml buffer. 500 ml AS R tf 3 

I .Omlbuffer , 500ml . ' ^ S R # 3 

I .Omlbuffer , 5 i 3 0 m l . ^ S R # 3 

New Feed, 1 ml buffer 

I .Omlbuffer 

I .Omlbuffer 

I .Omlbuffer 

10OmlMLwaste<l 

I .Omlbuffer 
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WAUKEGAN NITRIFICATION STUDY - ACCLIMATIZATION - CLAIRTON SLUDGE 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 

pb IStUn; I ' l h r g O : 

Ofeiat'.ona' I ar.imeters 
1.1 DOdFimit) 

Mar.09 

Mar-10 

Mar-11 

Mar-12 

Mar-13 

Mar-14 

Mar-15 

Mar-16 

Mar-17 

Mar-18 

Mar-19 

Mar-26 

8.30 
1730 
900 
18:00 
900 
1730 
9:00 
18:0(1 
0:00 
18:00 
9:00 
I8:0C 
0:00 
1801: 
0:00 
I8:0t' 
0:OC 
17:.3r 
0:00 
i3:a: 

23.W 
0;OC 
17:ai 
23:0(: 
0:00 
I70t ' 
23;0:' 
900 
17:0(. 
230:. 
0:00 
16:.1(i 
23:0.:i 
0:0(1 
16:0(1 
23:0(1 
9:00 
170(1 
23:0(1 
0:00 
16 30 
2300 
9:0(1 
170(1 
23:00 
900 
16:30 
23.ai 
9:0(1 
16 30 
23.0(1 
9:00 
16311 
230(1 

76 

78 

77 

7.8 

8.1 

3 

:•(, 
75 

".6 

76 

75 

76 

74 

75 

75 

76 

75 

•7.5 

76 

76 

75 

75 

' 6 

( 2 

1.3 

5.9 

53 

32 

55 

53 

5.6 

5.8 

74 

73 

71 

6.9 

68 

64 

Feed( 
V\a(;r 

2703 

2703 

2700 

16C0 

16(0 

1550 

15(0 

15(0 

15(0 

•3(0 

•:2(0 

ac 

901 

702 

601 

403 

3C3 

203 

203 

103 

ICO 

ml/day) 

Grcundwater 

300 

300 

300 

400 

400 

450 

500 

500 

500 

700 

800 

1000 

1100 

1300 

1400 

1600 

1700 

1800 

1800 

1900 

1900 

Temperature 

(oC) 

28 
28 
27 
28 
27 
27 

28 
27 

27 
27 

27 
27 
27 

27 
27 
27 
27 

29 

29 
28 
28 
29 
28 
28 

28 
28 
28 
29 
29 
29 
29 
29 
28 

29 

28 

28 
28 
29 
29 

29 

28 

29 

29 
28 
28 

29 
29 
29 

28 

29 

29 

29 
28 
29 

TKN load (mg/L) 

14.4 

14.4 

14.4 

14.4 

144 

192 

24.0 

24 0 

24.0 

33.6 

38.4 

48.0 

52 8 

62.4 

67.2 

76.6 

81.6 

86.6 

86.6 

91.3 

91.3 

COD 

76 

82 

34 

59 

57 

62 

72 

88 

90 

87 

82 

62 

73 

63 

70 

NH3-N 

0.35 
0.72 

012 
0 2 

O i l 
018 

015 
022 

O08 
018 

036 
016 
038 

0 2 
0.46 

0 2 
038 
0.27 

017 
0.39 
059 
015 
041 
0 6 

017 
064 
0 7 

016 
051 
052 
0.26 
058 
053 
017 

043 

048 

018 
0.63 
0 2 

016 

019 

0.3 

022 
1.5 
5.5 

017 
076 
0.87 

018 

092 

0.86 

016 
0.68 
072 

Effluent Anahfticat Data (mjg!.) 

N03-N TSS 

J'.fLVSS'WLTSS NH3-N nitrif NH3-nil,A'SS 

Ratio (mg/L) 

38 

32 

39 

43 

35 

46 

48 

38 

35 

33 

32 

28 

36 

38 

24 

39 

39 

32 

27 

22 

10700/16000 
U = 0.668 

14.5 

14.3 

14.3 

14.3 

191 

24.2 

24.2 

24.3 

33.7 

38.2 

0.001 4 

0.001 i3 

0.00315 

0.00357 

1.0 ml buffer 

addihoral heater tc aerator 
pH controllers calibrated 

1.0 ml buffer 

100 ml ML wasied 

9:!00/14700 

^ - 0.626 

100 ml M L wasted 

100 ml ML wasted 

100 ml ML wasied 

100 ml M L wasted 

100 ml M L wasied 

Feed disconnec':ecl 
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WAUKEGAN NITRmCATION STUDY - ACCLIMATIZATION - CLAIRTON SLUDGE 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 

Mar-30 

Mar-31 

Apr-01 

Apr-O; 

Apr-03 

Apr-04 

Apr-05 

Apr-06 

Apr-07 

Apr-08 

Apr-09 

Apr-10 

0:00 
16:30 
23:03 
9:30 

17:0(1 

23:ai 
0:00 

16:ai 
230(1 
0.0(1 
17:0(1 
23.0(1 
0:00 

170(1 
23.ai 
900 

16 30 
23.0(1 
9:0(1 
1700 
230(1 
9:0(1 
170(1 

23:0(1 
9:0(1 
16 30 
23.ai 

9:0i: 
1701) 
23 01) 
9:00 
170) 

:3:W 
9:0i:' 

I7C<1 
23.03 

pll fSf Un) 

7.4 

75 

75 

7.6 

74 

75 

7.5 

75 

76 

7.4 

76 

75 

74 

7.4 

73 

74 

75 

7,5 

75 

76 

75 

'5 

76 

74 

75 
7.4 

76 

75 

'4 

74 

75 

75 

74 

) I • igO •/( 1 

2 

9 

.6 

.8 

8 

3 

9 

8 

,5 

6 

4 

54 

53 

54 

5.9 

57 

72 

69 

56 

58 

58 

69 

64 

69 

67 

67 

64 

63 

6.4 

69 

6.7 

Oyeral ionLl 

D 0 ( 5 mpi) 

2.7 

2 8 

2 5 

2.3 

3 1 

2 9 

2 8 

2 6 

2 2 

2 4 

2 6 

2 8 

'arom, ' ters 

Feed 
Water 

0 

0 

r 

c 

0 

0 

c 

c 

( 

( 

( 

c 

mViuM) 
C r n u n d w a t e r 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

Temperature 
(oC> 

30 

30 

29 

29 

28 

29 

29 
30 
29 

29 

29 

29 

28 
29 
29 

30 

28 

29 

29 
28 
29 

29 

30 

30 
30 
29 
29 

28 

29 

29 
29 

28 

29 

29 

28 

28 

TKN fond ( m ^ ) 

%.o 

%.o 

% . 0 

%.o 

%.o 

96.0 

96.0 

%.o 

96.0 

%.o 

96.0 

96.0 

Effluent Analytical Data (mg'L) 

COD NH3-N N 0 3 - N 

018 
0.68 
066 
016 
1.5 
08 
0 2 

0.43 
0.56 
014 
022 
062 
0.21 
0.32 
046 
022 
1.8 
1 1 

015 
1.3 
1.2 

017 
0.98 
1.7 

015 
0.24 
062 
012 
2.7 
16 

014 
O i l 
0.65 
016 
18 
1.1 

TSS 

iHL'/SS^LTSS NH3-N nitrif NU3-nit-ASS 
Ratio (mg/L) 

8.100/13500 

l i = O 622 

9300/13900 
R = 0.647 

9200/14500 
R = 0634 

I S g P A C a d d e d 

ISgPACadded 

ISgPACadded 

I S g P A C a d d e d 

I S g P A C a d d e d 
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TABLE E2B 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

Date 

Apr-11 

Apr-12 

Apr-13 

Apr-14 

Apr-15 

Tiit i^ 

9:00 
16,^0 

23 00 

8:30 

17:00 

23:00 

9:00 
17:30 

23:00 
9:00 

17:00 

23:00 

9:00 

17:30 

23:00 

p H l S Un) 

7 : 

7 ; 

7 i 

7.1 

7 ' 
7 ^ 

7 I 
7 . 

7 ; 
7 I 
7 1 
7 . 

7 t 
7 ; 

7 ; 

O p i r a l i o m i ' Parameters 

l O d n g C T A ) 

7.4 
7.2 

7.4 

7.2 

7.6 
6.9 

7.4 
7.4 

7.2 
7.6 

7.4 

7.2 

7.3 

7.6 

7.4 

DO '11 mill) 

2.9 

2.8 

2.8 

2.5 

2.9 

Effluent Analytical Data (mff/L) MLVSS/1\1LTSS NH3-N nitrif NH3-iiitrA'SS 
Feed (ml) Temp TKN load (mg/L) COD NH3-N N03-N TSS VSS Ratio (mg/L) (mg/mg) 

2000 

2000 

2000 

2000 

2000 

28 

29 

28 

29 

28 

29 

28 

28 

28 

28 

28 

28 

29 

28 

29 

101.3 

101.3 

101.3 

101.3 

101.3 

0.14 
1.3 

0.68 
0.05 
0.82 
0.63 
0.14 
0.52 
0.43 
0.12 
0.56 
0.44 
0.14 
0.18 
0.68 

#REF! 

101.4 

#REF! < 10 g PAC 

0.00930 

10900/16;500 101.2 0.00929 100 mLRAS wasted 
R = 0660 

101.4 

101.3 

0.00930 100 mL RAS wasted 

CPA m)!.' CO"' 
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T A B L E E2B 

S U M M A R Y O F A N A L Y T I C A L D A T A A N D O P E R A T I O N A L P A R A M E T E R S F O R :5BR2 

Dnfe riiiic Operations Par.tmeters Effluent Analytical Data (mg/L) MLySS^/fLrSS NH3-N nitrif NH3-»ifrASS 
pH(S,Ui',) i:)0(mgOZt) DO < 15 mini Feed (ml) Temp TKN load (mg/L) COD NH3-N N03-N TSS VSS Ratio (mg/L) (mg/mg) 

Apr-16 9:00 7 i 7 2 l.b 2000 28 101.3 0.12 101.3 0.01045 
1700 7 • 7.3 29 2.8 
23.00 7.1 7.6 28 1.2 

Apr-17 9:30 7 ! 7.4 2.4 2000 29 101.3 0.13 9700/14800 101.3 0.01045 
16 30 7 1 7.2 28 1.6 R = 0.655 
23:00 7 : 73 29 2.1 

Apr-18 9:30 7 I 76 2.8 2000 28 101.3 0.12 101.3 0.01045 
17X10 7 1 7.4 28 0.15 
23 00 7 1 7.2 28 0.36 

Apr -19 9:00 7 I 7.4 2.4 2000 29 101.3 0.1 101.4 
16 00 7 t 7.2 28 0.18 
23 no 7 1 7.3 29 0.29 

Apr-20 8:30 7 1 7.6 2 5 2000 28 101.3 0.12 101.3 0.01078 
16 30 7 . 7 4 29 0.28 
23 00 7 I 6.8 28 0.32 

Apr-21 8:30 7 ' 71 21 2000 29 105.3 48 0.09 450 16 11 9400/14200 101.4 0.01078 
16 00 7 1 5.8 29 0.14 R = 0 662 
23 00 7 1 6 2 28 0.32 

Apr-22 9:00 7 1 66 19 2000 28 105.3 0.15 105.3 0.01120 
16:00 7 1 6.2 28 0.18 
23:00 7 1 6.2 29 0.28 

Apr-2? 8 30 7 1 66 16 2000 28 105.3 0.13 105.4 0.01145 
16:30 7 • 6.5 29 0.15 
23:00 7 t 6 3 28 0.22 

Apr-24 8:30 7 i 5 9 I d 2000 29 105.3 0.14 9200/:i4100 105.3 0.01145 
16:30 7'. 5 8 28 0.68 R = 0.652 
23:00 7 .̂ 5.6 29 0.42 

Apr-25 9:00 7 1 5 4 21 2000 28 105.3 0.24 105.2 0.01144 Additional air-pump 
16:30 7 i 6 3 28 1.5 
23:00 7 1 6 2 28 0.72 

Apr-26 8:30 7'i 6.6 2 5 2000 28 105.3 0.14 105.4 0.01146 
18:00 7 i 6.5 29 0.64 

Apr-27 9:30 7". 6 3 2 2 2000 28 105.3 0.11 105.4 
18:00 7 t 6.2 28 0.68 

Apr-2f. 8:30 7 \ 5 9 21 2000 28 105.3 0.14 105.3 
16:30 7 . 6.1 28 1.1 
23:00 7-1 6.4 29 0.82 

Apr-2'i 9:00 7 4 5.7 19 2000 29 105.3 36 0.09 460 9 6 105.4 Air flow adjustment 
17:00 7 "3 6 2 28 0.56 
23:00 7 4 6.6 29 0.32 

c r . i Tw: ' (1(11 
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TABLE E2B 

SUMMARY OF ANALYTICAL DATA A N D OPERATIONAL PARAMETERS FOR !>BR2 

Da te Tittle Ope'titwiiiil Pariimeters 

Apr-30 

May-01 

May-02 

May-03 

May-04 

May-05 

May-06 

May-07 

May-Of 

May-09 

May-lO 

May-l l 

May-12 

May-i;i 

8:30 

18:00 

23:00 

8:30 

1630 

23 00 

8:30 

18:00 
2300 

9:00 

17 00 

9:00 

17 00 
23 00 

9:00 

1700 
23 00 
8:30 

1630 

23:00 
9:00 

1700 
23.00 

9:00 

16-^0 

23 00 

9:CiO 

17 00 

23:00 

10:00 

23:00 

10:30 

22:30 

8:30 

17:00 

23:00 

9:00 

17:00 

23:00 

pH (S 

7 

7 
7 
•7 

7 

7 
-7 

-T 

-7 

7 

7 
7 

7 
•7 

7 

7 

7 

7 

7 
7 
7 
7 
7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
7 

7 

7 

7 

r t// nC' fHi^Oil) 

6.5 

6.3 

5.9 

5.8 
,5.6 

.5.4 

6.2 

6.6 
6.5 

6.3 

5.9 

5 8 
56 

5.4 

6.3 

6.2 
6.6 
6.5 

6.2 
5.9 

i 63 
I 61 
1 5.8 
1 6.4 

6.2 

6.1 

) 5.8 
5.9 

5.7 

1 5.8 

5.6 

5.5 

4 5.8 

4 5.3 

4 5.2 
4 4.9 

t 4.6 

6.3 

'3 5.8 

OO (15 min) 

2.3 

2.:! 

lA 

1.9 

2..1 

l.i 

2.5 

2.1 

2.2 

19 

18 

16 

15 

13 

d (ml) 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

2000 

Temp 

28 
29 
28 

28 
28 
28 

29 

28 

28 

29 

29 

29 

30 

29 

30 
30 
29 
29 

28 

29 

29 
29 
30 

29 

29 

29 

28 

29 

29 

29 

29 

29 

29 

28 

29 

29 

30 

29 

29 

TKN load (mg/L) 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

105.3 

104.0 

104.0 

104.0 

104.0 

104.0 

104.0 

Effluent Analytical Data (mg/L) MLVSS/MLTSS NH3-N nitrif Nm-nitrA'SS 
COD N m - N N03-N TSS VSS Ratio (tng/L) (mg'mg) 

34 

0.08 

0.16 

0.29 

0.09 

0.16 

0.28 

0.12 

0.22 

0.29 

0.09 

0.18 

0.14 

0.1 

0.26 

0.17 

0.12 

0.23 

0.08 

0.11 

0.32 

0.12 

0.44 

0.29 

0.1 

0.28 

0.36 

0.16 

0.24 

0.31 

0.22 

0.29 

0.17 

0.48 

0.25 

0.62 

0.38 

0.18 

1.2 

0.67 

8600/128IX) 
R = 0.671 

8400/12500 

R = 0.672 

490 10 

105.3 

105.3 

105.3 

105.4 

105.3 

105.3 

105.4 

105.3 

105.4 

103.9 

001225 

'3.01225 

3.01224 

0.01253 

0.01254 

0.01255 

Air flow adjustment 

7900/11400 

R = 0.692 

103.9 

104.1 

103.9 

0.01317 

0.01315 

104.1 0.01317 New diffusers and p u m p 

CI i 1*2. (101 
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TABLE E2B 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

Dnte 

May-14 

May-15 

May-16 

May-17 

Time 

9:00 
16 00 
23 00 
8:30 
1630 
23:00 
8:30 
16 30 
23 00 
10 00 
23 00 

Operntioiiii] Pariimeters 
pH(S:Ui'.) DOdiigOZI.) 00 (15 milt) Feed (ml) 

Effluent Analytical Data (mg/L) MLVSS/MLFSS NH3-N nitrif NH3-mtr/VSS 
Temp TKN load ( m ^ ) COD NH3-N N03-N TSS VSS Ratio (mg/L) (mg/mg) 

6 4 
5 7 
.5.9 
62 
61 
58 
64 
(.2 
6.1 
5.8 
6.1 

2.:? 

2.1 

.2.6 

2000 

2000 

2000 

2000 

30 
29 
29 
29 
29 
29 
30 
30 
29 
29 
29 

104.0 

104.0 

104.0 

77.3 

0.46 
1.3 
0.68 
0.3 
0.16 
0.32 
0.18 
0.33 
0.29 
0.12 
0.28 

103.7 

7600/10600 104.2 
R = 0.716 

104.1 

104.1 

0 01365 pH probed stacked/washed 
additional soda ash pumped 
pH adjusted 3vith H3P04 

301371 

0.01370 

CRA )'Vi2^ noi 
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TABLE E2C 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

Opi n tional Parameters 

Ma' . ' - IS 

M a . - I 9 

M a v - 2 0 

11 • : 

23 • ! 

S( 

16 .;. 

23 •:• 

3.1 

U •J 

t I I I i t U n ) 

-.3 

• 4 

".4 

7 3 

•.3 

• 4 

' 4 

. ) 0 ( m g C i U DlKlSmtni Feedtml) 
Effluent Analytical Data (mg/L) MLVSi'MLTSS NH3-N nitrif NHSnitr/ySS 

Temp TKN load (mg/L) COD NH3-N N03-N TSS VSS Ratio (mg/L) (mg'mg) 

Mat-22 

M a v - 2 4 

M a v - 2 5 

M a \ - 2 6 

V l a v - 2 7 

M a ) - 2 f 

M a v - 2 0 

M a v - 3 0 

M a v - 3 1 

) u n - 0 1 

)uTi-02 

) u n - 0 3 

J u n - 0 1 

Jun -05 

22 

IC 

22 

9: 

23 

8-

17 

22 

8: 

18 

27 

9:' 

17 

23 

3:. 

I t . 

r-
8. 

r 
23 

1( 

27 

9 . 

23 

9.1 

IP 

23 

9 ' 

IF 

23 

3: 

17 

23 

9-1 

•3 

•3 

' 1 

•3 

•3 

' 1 

•3 

•3 

•0 

3̂ 

' 0 

0 

i } 

0 

\3 

<3 

i'j 

a 
13 

<3 

<] 

1 

« 
f 

' 5 

' 5 

7 4 

7 5 

' 3 

7 3 

' 3 

7 4 

7 3 

' 3 

n 
' 3 

73 
M 

n 
7 3 

7 4 

' 5 
7.5 
74 
75 
7.3 
7.4 
74 
7.3 
73 
7.3 
7.3 
7.3 
7.4 
7.3 
7.3 
7.4 
7.5 
7.4 
7.5 
7.3 
7.4 
7.4 
7.5 
7.4 
7.4 
7.3 
73 

6.2 
6.1 
5.8 
5.9 
6.2 
5.7 
6.3 
6.1 
5.-
59 
5.f 
6.4 
5.-
5.0 
5.8 
6.4 
5.7 

5.0 
58 
64 
5.7 
5 0 

62 
5.0 
5.8 
6.-1 
5.7 
50 
56 
5.7 
5.0 
58 
6.4 
5.7 
5.9 
5.S 
6.4 
5.7 
5.9 
6.2 
6.1 
5.0 
6.: 
6.3 
6.2 
5.0 
6.1 
6.2 
5.7 
5.0 

19 

28 

18 

2.2 

2.3 

29 
30 
29 
29 
29 
29 
29 
29 
29 
30 
29 
30 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
29 
30 
29 
29 
30 
31 
33 
29 
29 
29 
29 
29 
30 
29 
29 
30 
30 
29 
29 
29 
30 
29 
29 
29 
29 
28 
29 
29 

77.3 

77.3 

77.3 

77.3 

77.3 

81.2 

81.2 

81.2 

012 
031 
008 
022 
029 
009 
038 
042 
021 
038 
034 
001 
068 
056 
0.09 
1.1 
0.78 
016 
0.32 
016 
0.28 
013 
071 
0.64 
01 
022 
029 
014 
02 
016 
014 
018 
026 
021 
035 
019 
2.8 
016 
ooe 
021 
O i l 
0.41 
0.32 
01 
0.08 
016 
O08 
006 
012 
009 
2.9 

022 

7400/9900 

R = 0.747 

7 1 0 0 / 9 5 0 0 

R = 0 7 4 7 

7 0 0 0 / 9 5 0 0 

R > 0 .736 

77.3 

77 .3 

77 .3 

77 .4 

77 .4 

0.01092 

0.01(68 Diffusers replaced 

0 OUeS Air flow adjusted 

0.01105 

0.01105 Feed changed to 4 cycles/day 

Feed changed to 3.6 cycle!. 
One heater broken, removed 

6 9 0 0 / 9 9 0 0 

R = 0 6 9 7 

6 7 0 0 / 9 5 0 0 

R = 0 .726 

8 1 1 

78.6 

8 3 . 9 

81 .2 

8 1 2 

0 .01176 

0 . 0 1 : 3 9 

0 .01216 

0 .01211 

0 .01212 

Feed changed to 3 cycles/day 
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TABLE E2C 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

lun-06 

jun- ( r 

lun-08 

luii-09 

Jun to 

l un - l l 

lun-12 

lun-13 

|un-14 

Iup-15 

lun-16 

|un 17 

Iun-I8 

Jun-10 

|un-20 

Jun-21 

Jim-22 

Jun-23 

Jun-24 

; T 

17 .̂ . 

23 -1 

10 >1 
23 •• 
o.C 

23 .1 
3:'. 
.7 .1 

23 -3 
8- 1 

IC •! 
17 •! 

22 •"' 
3.~ 
3 -

23 •. 

33 
17 ••' 

u -
3.( 

17 l l 
23 .1 

? '• 

23 '.1 
?.| 

22 :. 
3.-
:7 .3 

23 -"1 
8 
17 .3 

22 >1 
8:" 
17 .3 

2 : ' 1 
8:' 
17 '3 

2 : '3 

8 

17 "3 
2,7 .1 

10 .3 

17 .3 

9. 

S C 
9 ' 

r « 
2 2 . 0 

s 
r <? 
2 ; -0 

i H 1 i t U n ) 

74 

74 

6.5 

7.4 

7.3 

74 

73 
74 

7.3 
7.4 

.m t rng f . 

5.6 

64 
5.7 
5.9 

5.8 
6.4 
57 
59 

57 
5.0 
5.7 

6.2 
5.9 

5.8 

6.2 
46 
5.9 

49 
57 

59 
58 
5.7 
5.0 

5.8 
5.7 
5.9 
5.8 
5.7 

5.1; 
58 
6.1 
5.7 
59 
5.8 

62 
6.1 
6.2 

5*^ 
56 

5.-
5.0 

5.0 

5.8 
57 

59 

5.S 
6.: 

5.9 

5.6 
5.0 

5 0 
58 

Optrotior.al Paramiten 

16 

1 9 

17 

18 

1 6 

I 7 

1.6 

1.9 

Effluent Analytical Data (mg/L) MLVSS/MLTSS NH3-N nitrif NH3nitr/VSS 

Feed (ml) Temp TKN load (mg/L) COD NH3-N N03-N TSS VSS Ratio (mgfL) (rr^nig) 

918 29 

28 

29 
29 

28 
29 

29 
29 

28 
29 
28 

29 
29 
29 

28 
29 
29 

28 
29 
28 
29 

29 
29 

28 
29 
28 
29 
28 
29 
29 
29 
28 
29 
28 
29 
29 
29 

28 

29 

28 
29 

29 
29 

28 

29 

28 
29 

29 

30 
30 

30 
29 

104.4 

108.3 

108.3 

116.0 

108.3 

116.0 

1160 

116.0 

116.0 

116.0 

116.0 

98.0 

98.0 

98.0 

980 

98.0 

98.0 

130.0 

130.0 

012 

5.9 

028 
068 
032 
0.08 

0.26 
012 

105 
22.5 
18 
32.6 

10.5 
12 

013 
11.3 
0 9 
O07 
79 

0.09 
007 

4.8 
O08 

0 1 
009 
O07 
012 
006 
5.1 

O i l 
0.05 
5.4 

008 
007 
012 

0.09 
004 
0.07 

O08 

005 

6.5 
007 

005 

O08 
036 

018 

005 

0.08 
006 
0.07 

0.28 

0.36 

7200/10600 
R - 0.679 

6200/9100 
R " 0681 

103.8 

108.9 

108.2 

113.3 

98.0 

98.0 

97.7 

98.3 

130.0 

001512 

0 01503 

6600/9200 

R = 0717 

116.0 

116.0 

116.0 

116.0 

0 01758 

0 01757 

001758 

Feed discont, 2 L ML taken to R3 
Added: I L M L from Rl and U watei 

O.Olf 71 250 ml M L wasted for analyses 

A i r f l o w adjusted 

0.015-80 250 m! ML wasted foranal>ses 

200 ml of ML wasted for analyses 

pH probed cloged, pH - 6.5 for seve-al hours 

200 ml of M L wasted for analyses 
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Opt rt tional Parameter:: 
| . | ( i3tUnl -)0(mgC7/l) DO (15 mini Feed(ml) 

Effluent Analytical Data (mg/L) MLVS^MLTSS NH3-N nitrif NH3 nitr/VSS 
Temp TKN load (mgfL) COD NH3-N N03-N TSS VSS Ratio (mg'L) 

)un-25 

J.,n26 

jun-27 

)un-28 

|un-29 

Jun-30 

Iul-01 

lul-02 

Jul-03 

jul-Ol 

lul-05 

Jul-06 

Jul-07 

Jul-08 

lul-09 

Jul-10 

i L l - l l 

Jul-12 

lul-13 

<».• 

17 
i2 
1:' 
17 

22 
9:. 

17 
22 
I f 

8 
22 
9 

r 
r 
8 
2; 
9 

r 
22 
9 

r 
2. 

8 

r 
2 
9 

2. 
8 
2 

8 

1 
1 
2 

9 
1 
2 

8 

1 
2 

8 
1 
2 
9 
1 

2 
9 
2 

9 
2 

\1 
0 

<1 

-0 

€ 
=0 

0 
0 

.0 

0 
0 

•0 

0 
,3 

0 
10 
1 

<1 
n 

• 1 

.0 
1 

K) 
1 

10 
.0 

>3 
1.3 

'30 

Vi 

!X3 
>3 

.1 

\1 

W 

"3 
ki 

'XI 

' 4 

' 5 
73 
74 
74 
74 
7.5 
7.3 
74 
7.4 
73 
74 
7.3 
74 
74 
75 

57 
5.9 

58 

6.1 

5.7 

50 

5f 

50 

58 

5.7 

5.0 

58 

61 

5-

5.0 

6.: 

62 
6.1 
6.2 

50 
6.! 

6.2 

5.9 

6 1 

6.2 

61 

6.2 

5.9 

6.1 

5.9 

6.1 

62 
5 9 

6.1 

62 
5'3 

61 

62 
61 
62 
S.t 

61 

5.; 
6.1 
6.; 
5 ; 
6.1 
6.; 
6.1 
6.: 
5.? 

1.6 

1.6 

1.8 

1.9 

1.8 

21 

2.4 

2.4 

2.2 

29 

30 
30 

29 
28 

27 

28 
28 
27 
27 
27 

26 
27 
26 

27 

26 
26 
26 
26 

26 

26 
26 

26 
26 
26 
26 
26 
26 

25 
25 
26 

25 

25 
25 
25 
25 
25 
25 

25 
25 

25 
25 
25 
25 
25 
24 

25 
24 
24 

25 
24 

130.0 

130.0 

130.0 

1300 

130.0 

130 0 

130.0 

130 0 

130.0 

130 0 

130.0 

130.0 

130.0 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

018 
0.39 

032 
002 
016 

012 

005 
0.08 
O06 
005 
012 
O06 
0.04 
0.05 

0.09 
O08 
004 
O06 
004 

0 05 

006 
004 

008 
0.06 

0.05 
008 
0.06 
005 

0.08 
0.06 

005 
012 

006 
004 
0.05 
009 
017 

012 

0.05 

0.06 
0.08 
017 

O08 
O07 

O08 
012 

O06 

0.04 
0.05 

0.06 
0.04 

6100/8900 
R = 0685 

5900/9100 

R-0.648 

5300/7500 
R - 0.706 

130.0 

130.0 

130.0 

130.0 

130 0 

130.0 

130.0 

130.0 

130.0 

129.9 

4900/6600 
R =0742 

118.1 

118.0 

118.0 

0.02134 Temp adjudted at 28 oC 
250 ml of ML wasted for analyses 

0.02131 200 ml of ML wasted 

0.02:".03 Temp adjusted at 27 o C 
200 ml of ML wasted 

0.022:03 

C.02.204 Temp adjusted at 26 oC 
250 ml of ML wasted for fjialyses 

C01!04 200 ml of ML wasted 

C.01!03 200 ml of ML wasted 
Raw feed started 

(1.02453 Temp adjusted at 25 oC 
250 ml of ML wasted (or .inalyses 

(1.02153 

0.02452 200 ml of ML wasted 
New batch 

0.02453 200 ml of ML wasted 

200 ml of M L wasted 
0.02227 

250 ml of ML wasted for .inalvses 

0.02409 Temp adjusted at 24oC 
250 rrrl of ML wasted for tnalvses 

0.02408 5 g PAC added 
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TABLE E2C 

SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBR2 

Oteiatiinal Parameters 
pUtStUnj D O I m f l l ) DOdSmin) 

Jul-14 

Jul-15 

|ul-16 

Jul-17 

Jul-18 

Jiil-19 

Jul-20 

Jul-21 

Jul-22 

Jul-23 

Jul-24 

Jul-25 

Iul-26 

Jul-27 

Jiil-28 

Iul-29 

Jul-30 

Jul-31 

Aug^31 

Aug.02 

Aug-03 

Aug-Ol 

8 •! 

r 30 

2; 110 

9 .1 

r 110 

2"ilO 

9 .1 
1 IC 

2 1)0 
9 •! 

r lie 
2 .m 

9 .1 
r ' 0 

2 ' 0 

9 .. 
2: iiD 

8 1. 
r 0 

9 .. 

r 0 

1- c 

8 . 

r 0 

2^ 0 
9 . 

r 0 
1= 13 

9 • 

r 13 

2 ' "13 

9 .1 

r .3 
2 0 
9 .. 

1 >3 

9 • 
22 13 

8 . 

r 0 

1 "0 
9 • 

r 13 

2: 10 

9 0 

1 10 

1 10 

8 :1 

r ' 0 

2 - 0 

9 .1 

I ' l O 

r Ki 

9 0 

r iC 

9 .1 

r n 
9 .1 
r 10 

74 
7.5 
0 6 
75 

6 I 
59 
6 I 

5 9 
61 
62 
5.3 
6.1 
62 

6 I 
6 2 
5.'3 
6 1 
5 0 
6 1 
62 
5.9 
6.1 
5.0 
6 

6.1 
62 
59 
6.4 
6o 
68 
6.5 
6.'' 
6.8 
6.8 
6.5 
7n 

6.8 
65 
6 ' ' 
6.8 
73 
6.5 
6 " 
68 
65 
6.^ 
6.8 
6.5 
6.8 
6 5 
6.'' 
68 
6.5 
6.'' 
6.8 
65 
6.-' 
68 
6.3 
6.5 

10 

21 

21 

28 

31 

19 

29 

31 

28 

Feed (ml) 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

Temp 

24 

24 
24 

24 

24 

25 

25 

25 

25 
26 
25 

25 

26 
26 

25 

26 
26 

26 
26 

25 

26 

26 

26 

26 

26 

26 

25 
26 

25 

25 

25 

25 
25 
25 
25 

24 
24 

25 

24 

24 

24 

24 
24 

24 

24 

24 

23 

23 

23 

23 

23 

23 

23 

24 

13 

23 

24 

23 

a 

TKN load (mg'L) 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

118.0 

1180 

164.0 

164.0 

164.0 

164.0 

164.0 

1640 

1340 

1340 

134.0 

134.0 

134.0 

134.0 

134.0 

156.0 

C OD N H 3 - ^ 

0.05 

0.09 

0.09 

0.3 

0.2 

0 1 6 

0 1 6 

0.21 

0 1 8 
0.09 
0.07 

0 1 2 

0.09 
0 0 8 
0.07 

O09 
0 1 4 

0.02 
0.09 

0.04 

0.06 

0 0 8 

0.04 

O05 

O06 

O05 
0.07 
O08 

O05 

O06 

O05 

O02 
0.08 
0.06 
O06 

0.03 
0.05 

0.02 

0 0 2 

0.06 

0,04 

O03 

0 1 
0 1 2 

0.09 

0 0 6 

0 0 8 

0.05 

0.04 

O09 

0 1 

0 1 2 

0.08 

0 0 4 

0.06 

0.05 

0.04 

0.03 

0 1 

Effluent Analy t ica l Data (mgfL) MLVS^MLTSS NH3-N n i t r i f NH:)-nitr/VSS 
N TSS VSS Ratio (mgfL) 

5300/7400 
R= 0716 

6600/8700 
R ' 0.758 

7300/9200 
R » 0.793 

6100/7800 

R " 0.782 

118.0 

118.0 

118.1 

1180 

118.0 

164.0 

164.0 

1640 

164.0 

134 0 

(ingf.Tig) 

11.02108 

0.02103 pH probe mulfunction, 5(.da ash overdose 

pH adjustment wi th H3P34 
No change in feed 
p H adjushnent wi th H3P34 
5 g PAC added, temp adjusted at 25 o(3 

I S g P A C a d d e d 
temp adjusted at 26 oC 

(1.02226 I S g P A C a d d e d 

I L MLexchanged wi th R » 1 
I S g P A C a d d e d 
I L M L exchanged with R « 1 
10 g PAC added 

I L MLexchanged with R # 1 

0.01788 Aerators partly replaced 
A i r f low adjusted 

air flow adjusted 

0.02247 Temp adjusted at 25 oC 

(1.02247 Wasting 150 ml of ML 

(1.01246 Wasting 150 ml of ML 

(l.01!47 Wasting 150 ml of ML 

Wasting 150 ml of ML 
Temp adjusted at 24 oC 

0.02197 Wasting 200 ml of M L 

(..02196 Wasting 150 ml M L 

C.02197 Wasting 150 ml M L 

6800/8200 
R = 082 

134.0 

134.1 

134.0 

134.0 

C.015I70 

C.01II71 

Wasting ISO ml M L 

10 g PAC added 

Wasting 150 ml ML 

10 g PAC added 

Wasting 150 ml ML 
Wasting 150 ml ML 

Wasted 200 ml ML 

5 g PAC added 
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O p e ' a ' i o n a l Parameters Effluent Ana ly t i ca l D a t a (mg/L) MLVSS/MLTSS NH3-N ni t r i f NH3-nitifVSS 
r S " I Un) I t O r - . n g O y . l b c r i S m . n ) Feed(ml) Temp TKN load (mgfL) C OD NH3-N N 0 3 - N TSS VSS R a t i o (mgfL) (mffmf) 

\Uf,-05 

\uf.-06 

Au(.,-07 

Aug-08 

AUK.09 

Aug-10 

Aug-11 

Aug-12 

Aug-13 

Auj;-14 

A u g - i ; 

Aug-16 

AuB-17 

Aug-18 

Aug-19 

Aug-20 

Aug-21 

Aug-22 

Aug-23 

Aug-24 

Aug-25 

Aug-2n 

').(» 
y 

22 
1'.3 
17 
23 
•-j.[ 

17 

22 

i>:l 
17 
22 
3( 
22 
11 

22 

17 

91 

17 

22 
8-
17 

8; 
16 

r 
9: 

15 
22 
9. 

22 
9:1 

2: 
8 

r 
r 
8. 

r 
22 
9 

r 
22 

8 
r 
r 
8 

r 
1 
9 
1 

8 

1 
9 

1 
2: 

8 
1 

.1 

.1 

1 

•! 

,., 
, 

.1 

•3 

>3 

.3 

3 
i'3 

•3 
•3 

(1 

<j 

0 
0 

0 

0 

0 

<3 

0 

0 

'1 

1 

•3 

>3 

10 

10 
1 

.10 

'3 

'3 

'6 

7.6 

74 

7.5 

76 

76 

7.5 

7.6 

75 
76 
7.6 

75 
7.6 

76 

75 
74 
75 
76 
75 
74 
74 
75 
74 
74 
75 
73 

7 5 

7 6 

6 7 

6.8 

6.5 

6 7 

6 7 

6 8 

6.9 

6.8 

7 ! 

69 
6.8 

6 7 

6 7 

6 8 

6 9 

7 2 

7.4 

7 5 

7 6 

7.5 

7 6 

7 6 

O : 
7 1 
7f 
7 0 
8.1 
7 0 
7.S 
7.0 

7 0 

7 8 

7 0 

8 1 

7 9 

7 8 

8.1 

7 9 

7.8 

7.9 

7.9 

8 2 

7 3 

8 I 

5.2 

5.2 

5.3 

4.9 

5 3 

5.2 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

23 
23 
23 
23 
23 
22 
22 
23 
22 
22 
22 
22 
23 
22 
22 
22 
22 
21 
22 
21 
21 
22 
21 
21 
21 
21 
23 
24 
23 
22 
21 
21 
21 
22 
21 
21 
21 
21 
21 
20 
21 
20 
20.5 
20.5 
20 
20 
20 
20 
20 
20 
20 
20 

19.5 
20 

195 
19 
19 
19 
19.5 

156.0 

156.0 

144 0 

144.0 

134.0 

142.0 

142.0 

142.0 

142.0 

1410 

142.0 

142 0 

200.0 

200.0 

200.0 

O06 

O08 

0 0 4 

0.03 

0.06 

0.08 

0.03 

0.06 

0.07 

0.03 

0 0 3 

O06 

0 0 4 

0.05 

0.02 

0.02 

0 0 2 

O08 

0.06 

0 0 4 

0.04 

0 0 6 

0 0 4 

0 0 2 

0 0 2 

0 0 2 

O08 

0 0 4 

0.03 

0.05 

0.06 

0.05 

0 0 4 

0.06 

0.05 

0.06 

0 0 2 

0 0 7 

0 0 4 

0 1 4 

0 2 2 

0 0 6 

0 0 9 

0 1 2 

O06 

0 0 9 

0.07 

0.02 

0.06 

0 0 8 

0.02 

0.05 

0 0 3 

0 0 4 

0 0 5 

0.06 

on 
004 
012 

7200/9800 

R = 0.735 

8200/10400 

R - 0.788 

156.0 

156.0 

1 5 6 0 

144.0 

1440 

Wasting 150 ml ML 

Cooling coil installed 

5 g PAC added 

Wasted 100 ml ML 

Cooling adjustment 

5 g PAC added 

Wasted 250 ml ML 

Cooling adjustment 

Wasted 100 ml M L 

0 02167 Cooling adjustment 
Wasted 150 ml ML 
Wasied 1Q0 ml ML 

001756 Wasted 150ml ML 

001756 Wasted 175 ml ML 

Coolmg adjustment 

0 01634 Wasted 150 ml ML 

N o power since 4:20 p m 
N o feed, no aeration 
Power restorwi at ~ 23 00 
Aerators partly replaced 
Cooling adjusted 

7800/9900 
R= 0.787 

1420 

142.0 

142.0 

142.0 

0.01820 

0.01821 

0.01820 

Cooling adjusted 
Wasted 175 ml M L 
Aeration adjusted 

Wasted 150 ml ML 

Cooling adjusted 
Wasted 175 ml ML 

Wasted 150 ml ML 

C.01^173 Cool ing adjusted 

Wasted 175 ml ML 

7200/9250 
R = 0.778 

142.1 

142.0 

142.0 

200.0 

C.01973 

C.01'I73 

Wasted 100 ml ML 

Wasted 100 ml ML 

Coolmg adjusted 

Coolmg adjusted 

Wasted 200 ml ML 

Wasted 100 ml ML 

file:///uf.-06
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SUMMARY OF ANALYTICAL DATA AND OPERATIONAL PARAMETERS FOR SBRl 

Opera '.tonal Parameters 
r h i - t U n i n O ' . n g O y . ) M '115 min) 

AuB-2-

Aug-28 

Aug-20 

Aug-30 

Aug-31 

Sep-Ol 

5ep-02 

Sep-03 

5ep-(M 

5ep-05 

5ep-06 

Se,.-07 

Sep-08 

Sep-09 

5ep-10 

Sep-11 

Sep-12 

Sep-13 

Sep-14 

5ep-15 

Sep-16 

Sep-17 

>!0 
17 .1 

22 '1 
•3:3 
17 .1 

22 .1 
i t ( 

17 .: 

22 .1 
?.l 

22 •! 
3.1 

21 '' 

D:i 

22 '1 

B-i 
17 .1 
22 «". 
8 . - • 

17 "̂  
22 -1 
q.i 

16 .'1 

22 0 
8:" 
17 •! 
22 I.l 
9 ' . 
22 .) 
9:' 

22 '3 

8: 
17 0 

2: '0 

8: 1 
17 0 

r '0 
9' 
1^ '3 

22 -3 

9 
I t -0 

22 fl 
• } . , 

17 fl 

r 10 
9. 

22 \3 

8;' 
22 <1 

3: 
i : « 

r 10 
9'1 

r f) 
22 -C 
9' ' 

U 10 

.6 

'.5 

'.̂  
' 6 
•5 

7.9 
81 

79 
78 

8.1 
8.1 
79 

78 

81 
7.9 

81 
79 

78 
81 
79 

78 
72 
6.9 
68 
67 

6.9 
6.6 
6.8 
6.7 

6.8 
67 
6.9 

68 
6.8 

61" 
6.9 

6.6 
6.t 
6.8 

6.:-
68 
66 

68 
67 

6 f 
66 

6 t 

6.8 
67 

6.8 
6.6 

68 
6.7 

6 f 
6.7 

66 
6.f 

66 

6 f 
6.7 

6.8 
6.1. 

68 

4.8 

46 

4.7 

4.5 

48 

46 

15 

38 

32 

31 

33 

32 

32 

33 

34 

3.2 

3.3 

3.2 

3.2 

3.1 

3.3 

3.1 

Feed (ml) 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

3000 

Temp 

19 

19 
19.5 

19 
19 

19 
19 
19 

22 
23 
28 
29 

29 
28 
29 
29 
30 
30 
29 
30 
29 
30 
30 
29 

30 
30 
29 
30 

31 
30 
30 

29 

30 
29 
29 

30 
30 

29 
29 
29 

30 

30 
29 

29 
30 
30 

29 

30 
28 
27 
28 

27 

27 
27 

26 
25 

25 

25 
24 

TKN load (mgfL) 

200.0 

200.0 

144.0 

144.0 

144.0 

144.0 

144.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160 0 

160.0 

160 0 

160.0 

COD NH3-N 

0.22 
0.09 
018 

022 
0.9 

0.24 

026 
012 
0.06 

0.08 
0.04 
003 
O02 
0.04 
0.03 

0.02 
0.03 
008 
O06 
O03 
O07 

004 
0.03 
004 

O03 
004 
0.03 
0.02 

0 0 ) 
O04 

O03 
0.02 

0.04 
0.04 
0.03 

0.02 
004 

O04 

O03 
002 

0.04 

0.03 
0.04 

0.03 
0.04 
0.03 

004 

0.03 

O02 
0.04 
0.04 

O03 
O03 
0.02 

O04 
0.04 

0.03 

0.02 
0 0 ) 

Effluent Analyt ica l Data (mgfL) ML VSS/MLTSS NH3-N n i t r i f NH3-nit iA'SS 
W TSS VSS Ratio ( m g l ) Imffmg) 

7100/9300 

R = 0.763 

6700/8300 
R = 081 

4800/6200 
R = 0.77 

4900/6600 
R = 0.742 

5100/7000 
R = 0.728 

200.8 

144.1 

1440 

144.0 

144.0 

144.0 

16O.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

160.0 

0)2816 700mlMLtakenfor resp i rDmetry 
10 g PAC added 

032»)5 

0.02828 Coolmg shut down 

Heating installed 

0 02150 

002149 2.5 L M L replaced wi th wf.ter 

0 02149 1.0 L M L replaced wi th Wilier 

1.0 L M L replaced wi th wi.ter 

0 03333 1.0 L ML replaced with wiiter 

0 03333 Wasted 175 ml M L 

0 03333 450 mg FeCI3 added 

450 mg FeCI3 added 

0 03265 600 mg FeCB added 

0 03266 600 mg FeCI3 added 
Wasted 175 ml M L 

003265 600 mg FeCI3 added 
Wasted 150 ml M L 

0 03137 900 mg FeCI3 added 

Wasted 150 ml ML 

0 03137 900 mg FeCI3 added 

Wasted 150 ml ML 

0 03137 Temp adjusted at 27 oC 
900 mg Fea3 added 

900 mg FeCI3 added 
Wasted 100 tnl ML 

Temp, adjusted at 25 oC 
900 mg FeQ3 added 

500 ml M L replaced wi th water 
900 mg FeCI3 added 
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Sep-18 

Sep-19 

Sep-2C 

Se:.-21 

Sep-22 

Sep-23 

Sep-24 

Sep-25 

Sep-26 

5er-27 

Sep-28 

Sec.-29 

Set.-30 

Oct-01 

Oct-02 

01-03 

Ort-04 

Q-t-05 

O.t-Of. 

Oct-07 

Clcl-08 

r <:• 

9 . 
r "<i 
2: 0 

9 • 

r :o 
2 : 1 0 

8 

22 10 

8 •: 

22 '1.1 

9 . 

r 0 
r 0 
8. : 
r "0 
22 .(. 
9 . 

f '0 

r 1(1 

8 " 
r (1 
23 '13 

9 • 

r '.' 
9 •' 

r '<3 
9 . 

r 0 
q • 

r 0 
r 0 
8 

r 0 
r 0 
9 • 

r 0 
2 : -'3 

9 • 

r 0 
r 10 
9 • 

r 0 
22 10 

8 
2: .0 
9 .1 
2 0 
8 1 

r 10 

2 10 
8 1 

r 10 

"T 'W 
9 .1 

1 K 

2 10 

.H Ft (III) 

7.3 

7.3 

7.4 

7 4 

7 5 

7 3 

7 4 

7 4 

7 5 

7 3 

7 3 

7 4 

7 5 

7 4 

7 5 

7.3 

7 3 

7 4 

7.4 

7 5 

7.3 

7 4 

7 4 

7 5 

7 3 

7 4 

7 3 

7 4 

7.5 

7 4 

7 3 

7 4 

7 5 

7 4 

7 5 

7 3 

7 6 

7 8 

7 7 

7 6 

7 8 

7 5 

7 6 

7 8 

7 7 

7 6 

7 8 

7.6 

7 8 

7 6 

78 
77 
76 

78 
7.7 
7.6 
7^ 

DO 'mgV 

6.7 
6.8 

6 0 

6 6 

6 6 

6.8 

6.7 

6.8 

6.6 

6 8 

6 . -

6.8 

6 6 

6 6 

6 8 

6.7 

6 8 

6 0 

6.8 

6 7 

6.7 

6 6 

6.6 

6.6 

6.8 

6.7 

6.8 

6.7 

6 6 

6.6 

6.6 

6.:" 

6.6 

6.7 

6.6 

6 8 

6 8 

6 9 

6 8 

6 7 

6 . " 

6 8 

6.9 

6 8 

6 . " 

6 ' ' 

6 1 . 

6 6 

6.6 

6.3 

6 ^ 

6.8 

6 7 

6.6 

6..3 

6 6 

6.3 

Op.'r.irtf'.ni' Parameters 
n) Feed (ml) 

Effliimt Analytical Data (mg/L) MLVSS/MLTSS NH3-N nitrif NH3-nirr/VSS 
Temp TKN load (mg/L) COD NH3-N N03-N TSS VSS Ratio (mg/L) (iig/ing) 

3 2 

3.1 

3.1 

2.9 

25 

24 

23 

24 

23 

23 

23 

22 

23 

23 

22 

2 1 

23 

23 

23 

22 

22 

23 

23 

22 

22 

23 

23 

23 

22 

22 

23 

23 

22 

23 

23 

23 

22 

22 

23 

23 

U 

13 

22 

22 

23 

23 

22 

22 

23 

23 

23 

22 

22 

23 

23 

22 

23 

23 

23 

22 

2 2 

178.0 

178.0 

178.0 

178.0 

178.0 

178 0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

178.0 

0.04 

0.03 

0 0 4 

0.O3 

0.04 

0.03 

0.02 

O 0 4 

O 0 4 

O 0 3 

O 0 3 

0 0 2 

0 0 4 

0.04 

O 0 3 

0 0 2 

0 0 4 

0 0 4 

0 0 5 

0.03 

0 0 4 

0 0 3 

0 0 4 

0 0 3 

0 0 4 

0 0 3 

0.O4 

0.03 

0.02 

0 0 4 

0 0 4 

O 0 3 

0 0 3 

0 0 2 

0.05 

O 0 6 

O O ) 

0.03 

0.02 

0.O4 

0.O4 

0.03 

0.03 

0.02 

0.04 

O O ) 

0.03 

0.02 

0.04 

0.04 

0.03 

0.O4 

0.03 

004 
0.07 

0.03 
0.02 

5300/7600 
R = 0 697 

5700/7500 

R = 076 

178.0 

178.0 

178.0 

1780 

1780 

Temp, adjusted at 23 oC 
Wasted 100 ml ML 

600 mg FeCI3 added 
Wasted 100 ml ML 

600 mg Fea3 added 
Wasted 150 ml ML 
600 mg FcCI3 added 

600 mg FeCI3 added 
Wasted 150 ml ML 

600 mg FeCI3 added 
3000 ml ML exchanged »ilh Rl 
Wasted 100 ml ML 
600 mg FeCI3 added 
2000 ml ML exchanged «ith Rl 

600 mg FeCI3 added 
Wasted 100 ml ML 

4900/6600 
R > 0.742 

178.0 

1780 

178.0 

1780 

(i.03.333 

0.03632 

600 mg Fea3 added 

Wasted 10O ml M L 
600 mg Fea3 added 

600 mg Fea3 added 

Wasted 150 ml M L 
600 mg FeCI3 added 
Wasted 150 ml M L 

600 mg Fea3 added 
Wasted 150 ml ML 
3000 ml ML exchanged with M 
600 mg Fea3 added 
3000 ml ML exchanged n ith Rl 

4600/6500 
R = O707 

178.0 

178.0 

178.0 

176.0 

178.0 

0.03369 

(1.03370 

0.03.369 

3000 m l M L exchanged n i t h R l 

Wasted 150 ml ML 

600 mg FeCI3 added 
1000 m l M L exchanged » i t h R l 

Wasted 150 ml ML 

600 mg Fea3 added 
Wasted 150 ml M L 

600 mg FeCI3 added 
Wasted 150 ml ML 
600 mg Fea3 added 
Wasted 150 ml ML 

600 mg Fea3 added 

Wasted 200 ml ML 
600 mg FeQS added 
Feed changed 1 hr with mixing only 

Wasted 100 ml ML 
600 mg FeCI3 added 
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Oci-09 

Ctl-10 

Oc t -U 

L">cl-12 

O t - 1 3 

0( l -14 

Oct-15 

a t - 1 6 

(3.1-17 

8:.-

17 

22 

8: 
17 

22 

9n 

r 
9 
2: 

9 

r 
8 

r 
2; 

8 

r 
2: 

9 

r 
2: 

8 

1-

'3 

•1 

M 

•3 

C 

.0 

0 

<3 
0 

0 

0 

0 

0 

1 

0 

pH • i t Un> 

' 6 

' 3 

• 6 
' 3 

76 

' 8 

77 
7 7 

7 6 
7.8 

7 6 
7 8 

7 6 

7 8 
7 7 
7 9 

7 8 

7 8 
7 9 

7 8 

8 1 

8 1 

7 8 

l O l m g C -

6.9 

6.8 
6 7 
6 7 

6 e 

6 8 

6.0 

6.S 

6.7 
6 7 

6S 
6.0 

6.8 

6 7 
6 0 

6 0 

6.8 

7.: 

7 2 

7 3 
7 6 

7-3 

7.8 

Optrt ficnfll Parameters 
Feed (ml) 

Effluent Analytica Data (mg/L) MLVSS^LTSS NfJ3-N nitrif NH3nitr/VSS 
Temp TKN load (mg/L) COD NH3-N N03 N TSS VSS Rofio (mg/L) (mg'mg) 

26 

2.6 

22 

13 
23 
23 
22 

12 

21 
20 
20 
20 
20 
20 

19 

19 
19 

20 
19 

19 

19 
19 

19 

19 

19 

178.0 

178.0 

178.0 

178.0 

178.0 

237.3 

237.3 

237.3 

83,1 

0.04 

0.04 

003 
0.02 
0.04 

003 

O02 

004 
0.04 
003 
O02 
0.04 

004 

005 
O i l 
003 
009 

012 

004 
0.03 

006 

O02 

0.04 

4500/6600 
R - 0.681 

3900/6100 

R-0 .64 

178 

178 

178 

178 

237 

3100/5200 
R - 0 6 

600 mg FeCB added 

Wasted 150 ml M L 

600 mg FeCI3 added 

Wasted 150 ml M L 

Heater removed 

600 mg FeCB added 
Wasted 150 ml M L 
600 mg FeCB added 

Wasted 200 ml ML 
600 mg FeCB added 

4 davs HRT with 75 min .feed without air 
Wasted 200 ml ML 
600 mg FeCB added 
Wasted 250 ml ML 

600 mg FeCB added 

Wasted 250 ml M L 
600 mg FeCB added 

Last feed lo the system 

200 mg FeCB added 
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Oate 

leb-09 

[ eb-10 

feb-11 

1 eb-12 

Feb-13 

} eb-14 

Feb-15 

feb-16 

feb-17 

feb-18 

feb-19 

Feb-20 

f eb-21 

feb-22 

F eb-23 

[ eb-24 

[ eb-2,s 

F eb-26 

F eb-27 

Time 

9 31 

Ic ,'0 

9 3 ) 

1 7 ( 0 

9 31 
1 ' ( 0 

9 3 ) 

17C0 
9 3 ) 

lt5:?0 

9 3 ) 

I t ,'0 

9 0 ) 

1 7 ( 0 
9 0 ) 

ie;o 
9 0 ) 

1 7 ( 0 

9 3 ) 

l t ; . :0 

9:0) 

ie;o 
9 0 ) 
1 7 ( 0 

9 3 ) 

ie;o 
9 0 ) 

1 7 ( 0 

9 3 ) 

ie:0 
9 3 ) 

If ; o 
9 3) 

1 7 ( 0 

9 0 ) 

1 7 ( 0 

9 3 ) 

i ; : ( 0 

pH (St Uit) DO (mg02/L) 

7.3 

7.6 

7.6 

7.4 

7.5 
6 9 

7.6 

7.3 

7.4 

6.9 

7.8 
8 

7.6 

7.5 

7.6 
7.2 

7.3 
7 0 

7.6 
7.1 
6.9 

7.6 

7.8 

7.6 

7.4 

8.2 

7.6 

7.5 

7.8 

6.9 

7.2 

7 8 
7.6 

7.4 

7.6 

7..3 

7.2 

7.1 

5.6 
5.4 

5.6 

5.3 
5.2 

5.8 

5.3 
6.2 

5.2 

5.8 

5.6 

5.8 
5.4 

5.5 

5.6 
5.9 

6.2 

5.8 

5.6 

5.5 
5.4 

5.8 

5.6 

5.6 

6.2 

5.5 

5.8 

5.6 

5.4 

5.6 

5.6 
6.2 
5.4 

5.8 

5.2 

5.5 

5.6 

6.2 

Opera t ional Parametei 
D O a s min) 

2.3 
2.4 

2.3 

2.4 
2.7 

2.6 

2.3 

3.4 

2.1 

2.6 

2.2 

2.4 

2.3 

2.2 

2.1 
2.5 

2.1 

2.3 

2.2 

2.4 
2.1 

2.3 
1.9 

2.2 

2.2 

2.4 

2.3 

2.2 

1.9 

2.2 

2.2 
2.7 
2.2 

2.3 

1.9 

2.4 

2.1 

2.6 

Fe, 
Water 

0 
0 

300 

100 

300 
150 

500 

100 

200 

300 

300 

200 

300 

300 
200 
350 

400 

350 

300 
400 

300 

300 

350 

400 

350 

200 

400 

300 

750 

0 

350 
400 
400 

400 

350 

450 

400 

400 

(ml) Temperature 

•roundwater (oC) 

0 

0 

0 

0 
100 

0 

100 
0 

100 

0 

100 

0 

200 

0 

200 
0 

200 

0 

200 
0 

200 

0 

250 

0 

250 

0 

250 

0 

250 

0 

300 
0 

300 

0 

300 

0 

300 

0 

18 
19 

18 

8 
17 

18 

19 

19 

19 

18 

18 
17 

18 

18 

18 
18 

18 

18 

19 

18 

18 

18 

19 

19 

19 

19 

18 

18 

18 

18 

18 
18 

18 

18 

18 

18 

18 

18 

Analyses 

NH3-N 

0.3 
0.15 

0.16 

0.0« 

0.2 
O.lf! 

0.3 

0.12 

0.1 

0.1 

0.1 

0.15 
0.1 

0.2;; 
0.2 
0.3 

0.4 

0.2 

0.3 
0.35 

0.2 

0.25 

0.2.5 

0.45 

0.35 

0.75 

0.6 

0.3 

0.2 

0.35 

0.2;; 

0.5;; 

0.3 

0.6 

0.35 

0.65 

0.3 

0.5 

Comments 

2.0 ml buffer 

foaming 

3.0 g N a 2 C 0 3 

I .Omlbuffer 

some foaming 

2.0 g N a 2 C 0 3 

I .Omlbuffer 

some foaming 

2.5 g N a 2 C 0 3 

I .Omlbuffer 

solids recycleti R # 1 & 2 

soUds recycled R # 1 & 2 

solids recycled R # 1 & 2 

1.5 g N a 2 C 0 3 

solids recycled R # 1 & 2 

solids recycled R # 1 & 2 

1.5 gNa2CO,3 , l ml buffer 
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WAUKEGAN NITRinCATION STUDY - ACCLIMATIZATION CLAIRTON SLL DGE 

SUMMARY OF DATA FOR REACTOR #3 (BACK UP) 

Date Ti.m Operational Parameters 
vH iSt Un) DO imgOI/L) DOflS wiiii) Feed (ml) 

r eb-28 

Mar-01 

Mar-02 

Mar-03 

Mar-04 

Mar-05 

Mar.06 

Mar-07 

\ lar-08 

.\lar-09 

Mar-10 

Mar-11 

Mar-12 

Mar-13 

Mar-14 

Mar-15 

\far-16 

Vlar-17 

9:.^i) 

17.C0 

9:00 

17:C0 
9:31) 

17:00 

9:30 
16 30 
9:30 

17 30 

8:M1 
17 03 
9:30 

17 03 

9:MI 
1703 

9:^1 

17 3D 
8.Ml 

17 33 
9:"KI 

18 00 
9::H) 

17 30 

9:HI 

17 00 

9:,KI 

16 33 

8:MI 

17 03 

9: 1(1 

17 03 
9: Ki 

16 33 

9:Ki 

1 7 3 ) 

7,9 

7,3 

7,8 

7 5 

7 6 

7 4 
7 7 
7 3 

7 4 

7 8 

7 6 
7 4 
7 6 

7 3 

7 2 
7 8 

7 6 
7,4 

7 6 

7 .3 

7 2 

7 1 

7 7 

7 5 

7 4 

7 8 

7 6 

7 4 

7 6 

7 3 

7 2 

7 8 

7.3 

7.2 

7.8 

7.2 

5.4 
5.5 
5.2 
5.7 
5.4 
5.9 
5.4 
6.3 
6.1 
5.8 
5.6 
5.4 
5.6 
5.6 
6.2 
5.4 
5.8 
5.2 
5.5 
5.6 
5.4 
6.3 
6.1 
5.8 
5.6 
5.6 
5.4 
5.6 
5.6 
5.6 
5.4 
5.6 
5.6 
6.2 
5.4 
6.7 

2.2 
2.4 
2.2 
2.6 
1.8 
2.5 
2.2 
1.4 
2.7 
2.3 
2.2 
1.8 
2.2 
2.2 
2.7 
2.2 
2.3 
1.9 
2.4 
2.1 
2.2 
1.4 
2.7 
2.3 
2.2 
2.2 
2.6 
2.7 
2.2 
2.3 
2.8 
2.2 
2.7 
2.2 
2.3 
3.6 

Water 

500 
300 
350 
400 
500 
300 
400 
400 
500 
600 
650 
500 
300 
600 
700 
450 
500 
350 
600 
800 
500 
600 
600 
500 
450 
500 
600 
500 
500 
400 
600 
600 
500 
500 
400 
400 

Temperature 
Groundwater (oC) 

Analyses 
NH3-N~ 

Comments 

300 
0 

300 
0 

300 
0 

300 
0 

300 
0 

250 
0 

250 
0 

250 
0 

250 
0 

250 
0 

250 
0 
0 

250 
0 

300 
0 
0 
0 

300 
0 
0 
0 

300 
0 

300 

0.2 
0.6 
0.15 
0.45 
0.35 
0.6.5 
0.15 
0.25 
0.1 
1.3 
2.2 
0.7 
0.2 
0.5 
0.35 
0.5 
0.2: 
0.15 
0.18 
0.34 
0.22 
0.18 
0.3 
0.2 
0.15 
0.2 
1.1 
0.8 
0.2 
0.2 
2.2 
0.6 
0.2 

0.15 
0.8 
0.2 

solids recycled R # 1 & 2 

solids recycled R # 1 & 2 

solids recycled R # 1 & 2 

solids rec}'cled R # 1 & 2 

solids recycled R # 1 & 2 

2.0 m) buffer 

1.0 g soda ash 

2.0 g soda ash 

1ml buffer 

2.0 g soda ash 

3.0 g soda ash 

file:///lar-08
file:///lar-09
file:///far-16
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TABLl E3 

W,\UKEGAN NITRIFICATION STUDY - A( CLIMATIZATION CLAIRTON SLUD(iE 

SUMMARY OF DATA FOR lEACTOR #3 (BACK UP) 

Dnte 

N'iar-18 

K far-19 

Mar-20 

Mar-21 

Mar-22 

Mar-23 

N [ar-24 

Mar-25 

Mar-26 

Mar-27 

Mar-28 

Mar-29 

Tim? 

uH (St UII) DO (mg02/L) DOdS tniti) 

2.9 8:30 

18 CO 

23.C0 
8:30 

17.C0 
23:C0 

9:00 
1:^0 
23:C0 
9:01) 

17:C0 

23C0 

9:30 

16.30 

23:C0 
9:3.) 

lh:CO 

23 CO 
9:0) 

1 7 ( 0 
2 3 ( 0 
9 0 ) 

If ,'0 

2i ( 0 

9 0 ) 

1 7 ( 0 

2 ' (0 

9 03 

if.:.o 

2?()0 

9 03 

if. ; .o 

2:. 00 

9 03 

i( . ; .o 

2;. 00 

7.8 
7.7 

7.6 

8.2 

7.7 
7.8 

7.5 
7.8 
7.7 

7.5 

7.6 

7.8 

7.7 

7.6 

7.5 
7.3 

7.7 

7.5 

7.7 
7 5 
7.8 
7.9 

8.2 

/ ./ 
8 

7.6 
• - T >-» 

7.5 

7.8 
-7 7 

7.8 
7.6 

7.4 

7.8 

7.5 
7.7 

7.2 
7 

6.8 

7.5 

8.2 
7.4 

7.6 

7.3 
7.4 

7.8 

7.4 

7.3 

7.3 

7.2 

7.5 
6.9 

7.2 

6.8 

7 
7.8 
6.7 

7.6 

7.8 

7.5 
7.4 

7.3 

7.2 

6.8 

6.6 

7.5 

7.5 

7.8 

7.3 

7.5 

7.4 

7.2 

3.2 

3.4 

3.6 

3.2 

3.1 

3.1 

3.7 

3.9 

3.3 

3.4 

3.6 

;/ Parameters 

Feed (ml) 
Water 

500 

200 

0 
300 

300 
0 

400 

200 
0 

500 

100 

0 

300 

500 

0 
400 

100 

0 

500 
200 

0 

400 
300 

0 

400 

200 

0 

500 

200 

0 

200 

300 

0 

250 

200 

0 

('•roundwater 

0 
0 

0 
300 

0 
0 

300 
0 

0 

0 

300 

0 

0 

300 

0 
0 

300 

0 

300 
0 
0 

300 

0 

0 

300 
0 

0 

300 

0 

0 

350 

0 

0 

350 

0 

0 

Temperature 

(oC) 

19 
19 

18 

19 

19 
19 

19 
19 

18 

18 

19 

19 

19 

19 

19 
19 

19 

19 

19 
20 
19 

19 

20 

20 
19 

19 

19 

20 

19 

20 

20 

20 

20 

19 

19 

20 

Analyses 

N m - N 

1.5 
0.54: 

0.85 
0.18 

0.21 

0.16 

0.2.-1 
0.3;; 

0.3 

0.2 

0.33 

0.55 

0.24 

0.2:. 

0.2;; 
O.Z! 

0.2 

0.5K 

0.32 
o.2(; 
0.12 

o.z> 
0.36 

0.2 

0.18 

0.28 

0.2? 

0.18 

o.3:> 
0.2 

0.2;; 

0.2 

o.z> 
0.16 

0.18 

0.23 

CoMiHieiifs 

3.0 g soda ash 

2.0 g soda ash 

1.0 g soda ash 

1.0 g soda ash 

l .Omibuffer 
2.0 g soda ash 

1.0 ml buffer 

2.0 g soda ash 

2.0 g soda ash 

2.0 ml buffer 

2.0 g soda ash 

2.0 ml buffer 
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TABL • E3 

WAUKEGAN N I T R i n C A T I O N STUDY - A( :CLIMATIZATION CLAIRTON SLUDGE 

SUMMARY OF DATA FOR REACFOR #3 (BACK UP) 

l a t e Tine 

pH (St I'll) DO (mgOT/L) DOdS tnin) 

3.5 

3.4 

3.3 

3.2 

3.3 

3.5 

N;ar-30 

Mar-,31 

.A pr-01 

.A pr-02 

.A pr-03 

A pr-0-1 

,̂  pr-05 

,•̂  pr-06 

•\ pr-07 

-̂  pr-08 

.A pr-09 

Apr-10 

9:00 
16:30 
23.C0 

9:30 

1700 

23 00 

9: ,30 

16 03 

Z3 03 
9 30 

17 03 

23 03 

9::MI 

17 03 

23 03 
9 3(1 

17 03 

23 0 ) 
90(1 

1703 
2? 03 

9 i ) ( i 

17 0) 

23 0) 

9 0(' 

16 3) 

230) 

8 3( 

170) 

23 0) 

9 3(1 

17 0) 
230) 

9n(. 

8.1 
7.6 

7.5 
7.8 

7.8 

7,5 

82 

78 

76 

74 

78 

76 

74 

79 
77 
75 

76 

7,5 

7,8 
78 

76 

75 

78 

7,8 

7,8 

7,6 

7.5 

7.8 

7.6 

7.5 

7.8 

7.8 
76 

7.5 

6.8 
6.9 
7.2 

7.2 

7.8 
7.4 

7.5 
8.1 

7.6 
7.4 

7.2 

6.9 

7.5 
7.4 

6.9 
7.6 
7.2 

7.8 

7.4 

7.5 
7.2 

7.8 

7.4 

7.5 

7.4 

7.5 

7.2 

7.8 

7.4 

6.9 

7.6 

7.2 

7.8 

7.4 

3.8 

3.9 

3.5 

3.6 

3.3 

:/ Parame 

Water 

250 

0 
0 

450 

0 

0 

500 
0 

0 

0 

400 

0 

300 

0 
0 

200 

400 

0 

300 
0 

0 
400 

0 

0 

200 

0 

0 

400 

0 

0 

0 

0 

•ters 

Feec (ml) 

(wroundwater 

350 
0 

0 

350 

0 

0 

350 

0 

0 
200 

200 

0 

200 

200 
0 

200 

200 

0 

200 
200 

0 
200 

200 

0 

200 

200 

0 

200 

0 

0 

0 200 

0 

0 

0 200 

Temperature 

(oC) 

20 
20 

20 

20 

19 

18 

19 

18 

18 

18 

20 

19 

18 

19 
18 
19 

18 

18 
20 
19 

18 
19 

18 

19 

19 

18 

19 

18 

19 

19 

18 

19 

18 

19 

Aiialy.ies 
NH3-N 

0.2 
0.28 

0.26 

0.15 

0.2:; 

0.2 

0.17 

0.19 

0.15 
0.18. 

0.2:; 

0.32 

o.ie 
0.24 

0.2: 
0.18 

0.21 

0.26 
0.22 
0.18 
0.17 

0.23 

o.ie 
0.18 

0.17 

0.18 

0.16 

0.14 

0.24 

0.22 

0.13 

0.22 

0.18 

0.24 

Comments 

2.0 ml buffer 

2.0 g soda ash 

2.0 ml buffer 

2.0 g soda ash 

2.0 g soda ash 

2.0 ml buffer 

2.0 g soda ash 
2.0 ml buffer 

2.0 g soda ash 
2.0 ml buffer 

2.0 g soda ash 

2.0 ml buffer 

2.0 g soda ash 

2.0 ml buffer 
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Time (minutes) 

160 180 200 

figure F.1 

DISSOLVED OXYGEN CONCENTRATION IN SBR2 
DURING AND AFTER FEED CYCLE AT DIFFERENT TEMPERATURES AT 5 DAYS HRT 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT SITE 
Waukegan, Illinois 

19023-23(010)GN-WA042 MAY 21/2004 



Time (minutes) 
figure F.2 

AMMONIA CONCENTRATION IN SBR2 
DURING AND AFTER FEED CYCLE AT DIFFERENT TEMPERATURES AT 5 DAYS HRT 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT SITE 
Waukegan, Illinois 

19023-23(010)GN-WA043 MAY 21/2004 



120 

Time (minutes) 

figure F.3 

AMMONIA CONCENTRATION IN SBR2 
DURING AND AFTER FEED CYCLE AT DIFFERENT TEMPERATURES AT 3 DAYS HRT 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT SITE 
Waukegan, Illinois 

19023-23(010)GN-WA044 MAY 21/2004 



60 80 100 

Time (minutes) 

120 140 160 180 

figure F.4 
BIOKINETICS OF NH3-N IN REACTOR SBR2 

OPERATED AT 4 DAYS HRT 22°C WITH FEED CYCLE WITHOUT AERATION 
WAUKEGAN MANUFACTURED GAS AND COKE PLANT SITE 

Waukegan, Illinois 
19023-23(010)GN-WA045 MAY 21/2004 



Date 

Jun-03 

iW 

Jun-0.) 

Jun-I.l 

jun-i;-

i t 

Jun-2C 

Jun-21 

TABLE 1.1 

SUMMARY OF BIOKINETK :S MEASUREMENTS Page 1 of 12 

MeasurewetU 
time 

Before fee<i 

.̂ 0 min feeil 
60 min feed 

After feed. 
30 min 

60 min 

Before feed 

30 min feet) 
(.0 min feed 

After feed 
30 min 

60 min 

Before feed 

30 min feed 
60 min feed 

After feed. 
30 mm 

60 mm 

Before feed 

15 min feed 
30 min feed 
60 min feed 

.^fter feed 
15 min 
30 mm 

60 mm 

Before feed 

15 min feed 
30 min feed 
45 min feed 
60 min feed 

After feed 
15 min 
30 min 

60 min 

Before feed 

After feed 
15 min 
30 min 
60 min 

Reactor HI 
DO (mgOVL) 

6.42 

3.9 
123 

4.36 

5.48 

5.9 

3.5 
1 1 

4.93 

5.6 

5.9 

3.55 
1 3 

4.3 

5.9 

5.9 

158 
1 % 
1.98 

158 
198 

4.9 

6.18 

1.S9 
11 
1 2 

125 

1 6 
4.8 

5.4 

5.9 

1.9 
1 3 
4.7 
5.6 

mO-Ndag /L) 

0.06 

6.5 
32 

18 

1.12 

0.07 

6.8 
29 

3.5 

0.38 

0.06 

6.5 
28 

1 8 

0.22 

0.08 

3.9 
9.2 
27 

19.3 
8.2 

0.08 

0.05 

3.5 
6.6 
10.2 
14 

3.5 
0.98 

0.06 

0.04 

10.5 
3.05 
0.2 
0.05 

i a t e 
(CO -Cti/t 

ImgNt'S-N/ima] 

1.46 

( 3 1 

(.85 

1.47 

084 

046 

063 

045 

a.u 
0.23 

Rtac to r t t2 
DO (mgO-2/L) 

6.2 

3.45 
3.15 

4.56 

5.66 

6.12 

3.35 
198 

4.88 

6.02 

6.2 

3.48 
188 

5.6 

6.2 

6.2 

3.4 
3.2 
196 

3.08 
4.05 

5.6 

6.15 

1 6 
1 9 
3.4 
3.6 

1 5 
4.3 

5.8 

6.2 

16 
4.27 
5.4 
5.9 

NH3'N(mg/L) 

0.08 

7.2 
38 

22 

1 6 

0.12 

8.6 
31 

8.3 

0.65 

0.08 

8.1 
32 

10.6 

0.38 

0.06 

4.2 
10.3 
25 

10.5 
5.5 

0.14 

0.04 

3.2 
5.8 
8.5 
10.5 

1 8 
0.26 

0.07 

0.06 

8.5 
1.8 

0.14 
0.07 

Rate 
(CO-Ct)/t 

itugNH3-H/min) 

0.53 

0.59 

0.75 

0.51 

0.71 

0.53 

0.65 

0.41 

0.34 

0.174 



TABLE I 1 

SUMMARY OF BIOKINETIi S MEASUREMENTS Paf;e2ofl2 

Jun-2.l 

m 

Measurmietit 
time 

Before feed 

15 min feed 
30 min feed 
45 min feeti 
60 min feed 

After feed 

5 min 

10 mm 

15 min 

20 mm 

25 mm 

30 mm 

Reactor ( t l 
DO (mgOVU NH3-N (mg/L) 

5.95 

1.7 
1.85 
1 3 
1 5 

3.15 

3.5 

4.8 

5.45 

5.5 

5.6 

5.1 
8.2 
9 

9.1 

l a t e 
(Cl -CO/t 

[mg Nl 3-WiifiiJ 

r - 3 0 o : 

DO (mgOVL) NH3-N (mg/L) 

0.05 

0.05 

1.95 
12 
12 
14 

2.9 
3.8 
5.1 

5.3 
5.6 

5.8 

4.3 
5.1 
5.6 
7.8 

0.12 

0.07 

Rate 
(CO-CI)/t 

ltilgNH3-N/miul 

T ' 3 0 o C 

0.25 

Jun-2(. Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
40 min feed 
60 min feed 

6.05 

3.7 
1 5 

135 
1 4 
1 5 
165 
165 

r - 3 0 o i 

1.5 
1.4 
1.1 
1.2 

5.9 

3.5 
1 3 
1 2 

101 
1.8 
1.9 
1.9 

T - 2 8 0 C 

1 8 
3.1 
4.2 
4.8 

After feed 
5 min 
ID min 
15 min 
20 min 
25 min 
30 min 

Jun-28 Before feed 

5 min feed 
10 min feed 
15 mm feed 
20 mm feed 
30 mm feed 
4(1 mm feed 
60 mm feed 

After feed 
5 min 
10 mm 
15 mm 
2C mm 
25 mm 
30 mm 
45 mm 
60 mm 

5.05 
5.4 
5.5 
5.55 
5.65 
5.9 

6.2 

3.5 
14 
1.8 
1.7 
1.6 
1.5 
1.5 

2 
3.9 
4.8 

5.02 
5.5 
5.7 
5.8 
5.9 

0.12 

0.06 

0.04 

0.04 

1.8 

1 2 
16 

4 1 

0.08 

0.04 

0.03 

r - 3 0 o ( 

3.7 
3.8 
5.1 
5.2 
5.35 
5.5 

6.1 

0.08 

0.05 

0.05 

C14 

4.8 
4.5 
4.25 
4.16 
3.06 
3.05 
3.1 

3.9 
4.08 
4.15 
4.2 
4.4 

4.6 
5.2 
6.1 

20.5 
21.5 
13.5 
27.5 

187 

10.2 

73 
0.35 
0.1 

T-27oC 

0.86 

0.67 

Iul-04 Before feed 

5 min feed 
10 mm feed 
15 mm feed 
2C mm feed 
3C mm feed 
4C mm feed 
60 mm feed 

After feed 

5 min 

10 mm 

15 mm 

20 mm 

25 mm 

30 mm 

40 mm 

50 mm 

60 mm 

0.04 r -26oC 

3.6 
3.1 
18 
17 
15 
17 

3.01 

3.4 
3.6 

3.6 
3.65 
3.7 

3.75 

3.95 

4.35 
5.7 

1.6 

11.5 
16.5 
24 

18 

13.5 

10.1 
4.7 

0.62 

0.13 

0 52 

016 

3.1 
17 
15 
1.8 
17 
1.6 
1.5 

11 
125 
15 
17 

3.25 

4.4 

5.5 

5.55 
5.65 

1.9 

10.2 
11.4 
18.7 

13.9 
10 
5.8 

16 

0.53 

0.2 

0.15 

0.1 

0.86 

0.81 



TABLE r 1 

SUMMARY OF BIOKINETK S MEASUREMENTS P>f;e3ofl2 

MeasMmitefit 
time 

Reactor * I 
DO (mgOVL) HH3-N (mg/L) 

l a t e 
(CO •Ct)/t 

l m g m 3 - N / m i u ] 

Reactor <» 2 
DOdugOVL) NH3-N(mg/L) 

Rate 
(CO-Ct)/t 

ImgNm-Nfinin] 

l l l l 
Jul-flS Before (eed 

5 min feed 
10 min feed 
15 min feed 

ivater -> 20 min feed 
30 min feed 
40 min feed 
60 min feed 

pw 5.9 

5.8 
5.25 
5.3 
5.5 

5.3 

r-30o( 0.04 T-2S0C 

3.5 
1 6 
1 2 
1 3 
2.35 
115 
1 3 

8.8 

15.5 
20 
24 

il» 

« l 

After feed 

5 min 

10 min 

15 min 

20 min 

25 min 

30 min 

40 mm 

50 min 

60 mm 

90 mm 

Jul-08 Berbte feed 

5 min feed 
10 mm feed 
15 mjn feed 
20 mm feed 
30 mm feed 
40 min feed 
60 mm feed 

After feed 

5 m i r 

10 mm 

15 mm 

20 min 

25 mm 

30 mm 

40 mm 

50 mm 

60 min 

[ul-10 Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

5.3 

5.3 

5.3 

5.3 

5.5 

5.6 

5.5 

5.6 

5.8 

5.8 

15.2 

9.6 

6.4 

3.3 
3.5 
3.6 

4.2 
4.5 

5.9 
6.02 

6.05 

13 

5.3 

1.4 

0.14 

0.08 

6.02 

5.3 
5.3 
5.3 
5.3 
5.2 
5.3 
5.2 

5.3 
5.3 
5.3 

5.5 

5.6 

5.5 

5.6 

5.S 

5.8 

6.2 

5.55 
5.38 
5.35 
5.34 
5.3 
5,2 
5.2 

7.4 

15.2 

23.9 

23 

21 

18 

0.78 

74 

15.2 
23 
31 

0 16 

0.19 

0.198 

r-JOoC 

3.8 
1 9 
2.8 

175 
1 8 
1 7 
1 8 

3.25 
3.25 
3.25 

3.5 

3.8 

4.6 

5.7 

5.85 

5.9 

6.05 

4.9 
3.2 
1 9 
1 9 
2.8 
1 7 
175 

7 2 

10.3 

14 

5.8 

0.65 

OJ 

0.2 

0.17 

3.8 

6.2 

14 

1.1 

0.93 

0.75 

r - 2 5 D C 

0.55 

0.45 

0.23 

I - Z S o C 

After feed 

5 min 

10 min 

15 min 

20 min 

25 min 

30 min 

45 min 

50 min 

60 min 

5.25 3.25 
5.3 
5.4 

5.4 
5.5 

5.5 
5.6 

5.6 
5.7 

30 

29 

26 

24 

0.( * 

o.( -* 
0. 1 

0.1 16 

3.3 
3.3 

3.6 
3.8 

4.65 

57 

5.8 
5.9 

5.8 

0.3 

0.25 

0.2 

0.46 

0.305 



TABLE .1 

Dati-

)ul-12 

nut 

Jlll-1,^ 

Jul-17 

Measitmttent 
time 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 mm feed 

After feed 
5 mm 
10 min 

15 nun 

20 min 

25 min 

30 mm 

45Diin 

50 min 

60 min 

Before feed 

5 mm feed 
10 min feed 
15 mm feed 
20 min feed 
30 min feed 
45 mm feed 
60 min feed 

After feed 
5 min 
10 min 

15 min 

20 min 

25 min 

30 min 

45 mm 

50 min 

60min 

90mjn 

Before feed 

5 min feed 
10 min feed 
15 mm feed 
20 min feed 
30 min feed 
45 min feed 
60 mm feed 

After feed 
5 mill 
IC min 
15 mm 
20 mm 
25 mm 
30 mm 
45 mm 
50 mm 
60 mm 

90min 

SUMIVIARYOFB 

Reactor t i l 
DO (tiigOVL) 

6.2 

5.5 
5.4 
5.3 
5.3 
5.3 
5.25 
5.25 

5.5 
5.45 
5.4 

5.3 

5.3 

5.4 

5.45 

5.45 

6.1 

5.1 
4.6 
4.3 
4.3 
4.3 
4.3 
4.2 

4.33 
4.6 

4.95 

5 

5.1 

5 

5 

5 

4.9 

4.95 

6.1 

5.5 
4.55 
4.3 
4.2 

4.15 
4.1 

4.15 

4.3 
4.6 
4.7 

4.75 
4.8 
4.8 
4.8 
4.9 

4.95 

5.2 

NH3-S (mg/L) 

0.22 

3.1 

6.3 

9 

8 

6 

5 

3.2 

0.2 

4.2 

7.8 
119 
16.5 

13.4 

11 

9.1 

7.6 

3.8 

0.09 

17.5 

72 

lOKINET 

(C 
(mg ft 

T - 3 0 , 

T ' 3 0 c 

1 

T ' S O o 

1 

:S MEASURE 

iate 
•Ct)/t 

r3-Wiiifi] 

: 

.066 

3.1 

088 

096 

•H! 

1.2 

18 

164 

15 

14 

17 

•MENTS 

Reactor* 2 
DO (uig02/L) 

6.1 

4.9 
3.2 
19 
I B 
1 7 
1 8 
1 8 

3.3 
3.32 

3.5 

3.6 

3.7 

4.1 

5.9 

5.95 

6.05 

6.2 

4.8 
3.3 
2.9 
1 8 
1 7 
1 5 
2.3 

1 8 
3.15 
3.35 

3.35 

3.35 

3.4 

3.6 

4.08 

4.4 

5.9 

6.2 

5.1 
4.2 
3.3 
2.8 
1 7 
1 6 
1 5 

1 5 
1 5 
1 5 
1 6 
1 6 
1 7 
3.2 
3.5 
3.6 
4.8 

NH3-N(mg/L) 

0.12 

1 9 

7 2 

14.3 

7.4 

1.5 

0.32 

0.26 

0.3 

74 

22 

28 

21.2 

15.2 

9.4 

3.6 

02 

0.08 

41 

71 

Rate 
(CO-Ct)/t 

lmgNH3-Wniu] 

T ' 2 4 . 5 o C 

0.46 

0.43 

0.31 

0 J 3 

T-24.SOC 

0.45 

0.43 

0.41 

0.41 

0.31 

r-2Soc 

0.56 

Pa ;e 4 of 12 



TABLE .1 

SUMMARY OF BIOKINETl S MEASUREMENTS Paf ;e5of l2 

Jj|-1<l 

l l lMl 

Jul-12 

Jul-24 

Measurement 
time 

Before feed 

5 min feed 
10 nun feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
6iD min feed 

After feed 
5 min 
10 min 
15 min 
20 min 
25 min 
30 min 
45 min 
50 min 
60 min 

90mm 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 mm feed 
60 mm feed 

After feed 
5 min 
10 mm 
15 mm 
20 mm 
25 mm 
30 mm 
45 mm 
50 mm 

60 mm 

90m in 

Before feed 

5 mir feed 
10 mm feed 
15 mm feed 
20 mm feed 
30 mm feed 
45 mm feed 
60 min feed 

After feed 
5 min 
10 mm 
15 mm 
20 mm 
25 min 
30 min 

45 min 

50 mm 

60 min 

90 min 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 

Reactor » 1 
DO (mg02/L) 

6.1 

4.9 
4.5 
3.9 
3.8 
3.7 

3.65 
3.6 

3.9 
4 

4.05 
4.05 

4 
4.1 

4.15 
4.2 
4.2 

4.8 

6.2 

3.9 
3.1 
1 2 
1 2 
1 2 
1 2 
1 2 

3.1 
3.2 
3.2 
3.2 
3.2 

3.15 
3.2 
3.2 
3.2 

3.4 

6.4 

3.9 
1 5 
1 3 
1 2 
1 2 
1 2 
1 2 

14 
1 9 
3.3 
3.3 
3.3 
3.3 

3.7 

4.7 

6.3 

6.4 

6.6 

5.2 
3.2 
1.9 
1.9 
1.9 

NH3-N(mg/L) 

0.08 

23.2 

5.6 

1.3 

0.06 

20.2 

6.8 

1.4 

0.03 

20.8 

6.6 

0.24 

0.09 

0.03 

a U 
(C -Cf)/t 

ImgN '3-WiiiiiJ 

r - 3 0 ( : 

29 

24 

r> .30o 

1 22 

1 n 

T - 3 0 o t 

B 17 

0 4 

0 3 

T - 3 0 o l 

Reactor # 2 
DO (mg02/L) 

6.05 

5.2 
3.9 
3.3 
2.8 
17 
16 
1 5 

3.3 
3.4 
3.4 
3.4 
3.2 
3.3 
3.4 
3.4 
3.9 

5.1 

6.3 

4.2 
3.4 
1 8 
2.8 
18 
18 
1 9 

3.3 
3.4 
3.3 
3.4 
3.3 
3.3 
3.4 
3.4 
3.9 

5.1 

6.8 

4.2 
3.1 
16 
16 
1 6 
1 7 
1 7 

3 
3.4 
3.45 
3.7 
3.8 
3.9 

4.1 

4.4 

4.6 

6.9 

6.8 

5.4 
4.1 
3.9 
3.8 
3.8 

Nm-N(mg/L) 

0.07 

33 

6.7 

0.22 

0.04 

374 

10.8 

0.45 

AOS 

31.5 

112 

2 

0.15 

0.04 

Rate 
(CO.Ct)/t 

[mg NH3-H/miiil 

T - 2 6 o C 

0.44 

0.36 

r - 2 6 o C 

0.44 

0.41 

J - 2 5 . 5 o C 

0.64 

0.49 

0.35 

r -2S .0DC 



Dat.-

m\ 

Iul-2') 

•• 

Aug-o:: 

Measurement 
time 

45 min feed 
60 mm feed 

After feed 
5 min 
10 min 
15 min 
20 mm 
25 mm 

30 min 

45 min 

50 min 

60 min 

90 nun 

Before feed 

5 min feed 
10 mm feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

After feed 
5 min 
10 mm 
15 min 
20 min 
25 min 
30min 

45 min 

50 min 

60 min 

90 min 

Before feed 

5 min feed 
10 mm feed 
15 mm feed 
20 mm feed 
30 mm feed 
45 mm feed 
60 min feed 

Aflerfeed 
5 min 
10 aim 

15 mm 

20 mm 

25 mm 

30 min 

45 min 

50 min 

60 min 

90 mm 

SUMMARY OF B 

Reactor m 
DO (mg02/L) 

1.95 
2 

1 4 
1 4 
1 5 
1 5 
1 5 

1 5 

3.7 

4.9 

5.8 

6.2 

6.6 

4.3 
195 
1.9 
1.9 
1.9 
2 
2 

1 3 
1 3 
1 3 
1 3 
1 3 
1 5 

1 6 

1 9 

3.4 

5.9 

6.8 

4.7 
3.1 
1 5 
14 
1 2 
1 3 
1 4 

1 6 
1 7 

3 

3.15 

3.2 

3.5 

5.7 

6.2 

6.3 

6.4 

NH3-N(mg/L) 

28.5 

113 

0.56 

0.06 

0.06 

30.5 

17.9 

0.66 

0.08 

0.06 

11.5 

29.1 

8.6 

2 

0.09 

lOKINEl 

(1 

bug I 

T = 30 

T ' 3 0 c 

3 M E A S U F 

Rate 

<-Ct)A 
U-NAuin] 

).54 

,465 

J16 

; 

.42 

49 

34 

36 

.9 

18 

tEMENTS 

Reactor # 2 
DO (mg07/L) 

3.8 
3.9 

3.8 
3.8 
3.9 
3.8 
3.9 

3.9 

3.9 

4.2 

4.5 

5.2 

6.3 

5.2 
3.9 
3.6 
3.6 
3.6 
3.6 
3.7 

3.9 
3.9 
3.9 
3.9 
3.9 
3.9 

3.9 

3.9 

4.3 

4.5 

6.5 

6.1 
5.2 
4.8 
4.6 
4.5 
4.5 
4.55 

4.6 
4.9 

5 

5.1 

5.2 

5.2 

5.3 

5.3 

5.4 

5.6 

NH3-N(mg/L) 

38.4 

216 

7 6 

0.46 

0.04 

43.6 

31.8 

18.5 

6.3 

0.05 

43.6 

275 

14.1 

1 5 

Rate 
(CO -Ct)A 

ImgNHS-tVmin] 

033 

0.51 

0.42 

r - 2 4 . 3 o C 

0 J 9 

0J85 

0.41 

r - 2 4 . 0 o C 

0.54 

0.49 

0.46 

Pa,5e6ofl2 



« i 

•• 

l i 

Aug-12 

Measitraiunt 
tUiie 

Before feed 

5 mm feed 
10 mm feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

After feed 
5 min 
10 mm 

15 mm 

20 min 

25 min 

30 min 

45 min 

50 min 

60 min 

90 min 

120 min 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

After feed 
5 min 
10 mm 

15 mm 

20 mm 

25 mm 

30 mm 

45 min 

50 min 

60 min 

90 min 

120 min 

180 min 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

After feed 
5 min 
10 min 

15 min 

20 min 

25 min 

)Oinin 

45 min 

30 min 

60 min 

90 min 

120 min 

180 min 

240 min 

SUMMARY OF B 

Reac tor t t l 
DO (mg03/L) 

6.6 

4.6 
3.1 
1 5 
2.4 
1 3 
1 3 
1 5 

1 9 
3 

3.1 

3.1 

3.2 

3.5 

4.8 

5.6 

6.1 

6.2 

6.3 

6.7 

4.5 
1 9 
1 5 
1 5 
14 
1 5 
2.6 

1 7 
1 9 

3.2 

3.3 

3.4 

3.5 

5.9 

6.1 

6 2 

6.3 
6.5 

6.7 

6.8 

3.1 
1.4 
1.35 
1.4 
1.4 
1.5 
1.5 

105 
11 

11 

115 

1 5 

3.2 

64 

6.4 

6.5 

6.5 

SH3-N(mg/L) 

0.04 

10.2 

22 

7 8 

1.5 

0.08 

0.03 

7 8 

14.9 

7 8 

1.1 

0.08 

0.02 

8.5 

16.8 

8.1 

0.58 

0.09 

lOKINETICS MEASUI 

Rate 
(CO-Ct)/t 

lmgNH3-N/iuiu] 

T-SOoC 

0.94 

0.68 

0.36 

r-30oC 

0.47 

1*6 

133 

r -30o : 

1.58 

1 54 

( 37 

tEMEI^S 

Reactor* 2 
DO (mgOVL) 

6.7 

6.1 
5.9 
5.9 
5.9 
5.9 
5.9 
5.9 

6.1 
6.1 
6.1 

6.1 

6.1 

6.2 

6.3 

6.3 

6.4 

6.5 

6.5 

7 2 

6 5 
5.7 
4.9 
4.2 
4.3 
4.2 
4.2 

4.3 
4.5 
4.7 

4.9 

5 

5.1 

5.3 

5.6 

5.8 

6.05 

6.45 

71 

7.4 

6.8 
6.2 
5.3 
5.2 
5.1 
5.05 

5.85 
6.05 
6.1 

6.2 

6.3 

6.4 

6.4 

6.4 

6.4 

6.5 

6.5 

6.5 

6 5 

NH3-JV (mg/L) 

0.05 

40.3 

50.1 

38.7 

27.7 

177 

8.9 

0.04 

44.3 

318 

21.5 

14.4 

9.2 

1.2 

0.03 

55.6 

48 

41.1 

30.1 

176 

72 

Kate 
(CO •Ct)/t 

ImgNm-N/mi i i ] 

T ' 2 3 . S o C 

0.38 

0 J 7 

0.36 

0.34 

r - 2 1 5 o C 

0.38 

0 J 8 

0.33 
0.29 

0.24 

r-2i.soC 

' 

0.25 

0.24 

0.21 

0.21 

0.2 

Page 7 of 12 



Aug-14 

liHi 

Aug-l') 

Measurement 
tiiue 

Before feed 

5 mm feed 
10 min feed 
15 min feed 
20 mm feed 
30 mm feed 
45 min feed 
60 mm feed 

Aflerfeed 
5 mm 
10 n-.in 
15 min 

20 min 

25 min 

30 mm 

45 min 

50 min 

60 min 

90 mm 

120 min 

180 min 

240 min 

300 min 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

After feed 
5 min 
10 mm 
15 mm 

20 mm 

25 m.n 

30 mjn 

45 mjn 

50 mm 

60 mm 

90 mm 

120 min 

180 min 

240 min 

300 min 

SUMIVIARY OF Bl 

Reactor t i l 
DO (mg07/L) 

6.8 

3.3 
1.6 
1.4 
1.4 
1.4 
1.5 
1.6 

115 
12 
12 

125 

1 5 

3.1 

6.3 
6.4 

6,5 

6.5 

6.9 

3.5 
1.2 
1.2 
1.3 
1.3 
1.4 
1.6 

17 
1.8 
1.8 

1.9 

12 

3.1 
5.9 

6,3 
6.7 

NH3-N(mg/L) 

0.03 

16.4 

7 9 

0.52 

0.08 

0.05 

19.3 

8.6 

0.16 

0.05 

lOKINETICS MEASUI 

Rate 
(CO-Ct)/t 

hug NH3-H/iaiu] 

T-3O0C 

0.56 

033 

0 J 6 

r-29oC 

0.71 

0.64 

0 J 2 

tEMENTS 

JJ t t l r tor#2 
DO (mg02/L) 

7.9 

7 1 
6.2 
5.5 
5.5 
5.5 
5.6 
5.7 

5.9 
6.05 
6.1 

6.1 

6.05 

6.1 

6.1 
6.1 
6.2 

6.2 

6.2 

6.3 

7 6 

8.15 

8.2 

7 3 
6.3 
5.4 
5.4 
5.4 
5.4 
5.4 

5.35 
5.4 

5.4 

5.3 

5.4 

5.4 

5.4 

5.4 

5.5 

5.6 

5.8 

6.1 

6.9 

7 9 

NH3-N(llig/L) 

0.03 

58.4 

48.3 

376 

19.4 

11.2 

0.06 

0.08 

61.9 

56.9 

49.5 

38.6 

26.8 

15.2 

0.58 

Rate 
(CO-Ct)/t 

llllgNH3-HAHiti] 

T-2I .O0C 

0.16 

0.17 

0.21 

0.19 

0.19 

r-20.soc 

0.16 

0.21 

0.19 

0.19S 

0.19 

0.2 

Page 8 of 12 



TABLE F.l 

SUMMARY OF BIOKINETICS MEASUREMENTS Page 9 of 12 

Date Measuremettt 
time 

R e a c t o r t l 

m 

.^ug-l i Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 m in feed 
60 min feed 

DO (mg02/L) NH3-N (mg/L) 

3.8 
1.9 
1.8 
1.8 
1.8 
1.8 
1.9 

Rate 
(CO -Ct)/t 

[mg NH3-N/iimiI 

T ' 2 9 . 5 o C 
<-10mg/LFeC13 

Reactor * 2 
DO (mg02/L) NH3-N (mg/L) 

8.1 

6.9 
5.3 
4.1 
3.9 
3.9 
3.9 
4.1 

0.05 

Rate 
(CO-Ct)/l 

[mg NH3-N/miHl 

T ' 2 0 . 0 o C 

54.3 

After feed 

5 min 

10 mm 

15 mm 

20 mm 

25 mm 

30 mm 

45 mm 

50 mm 

60 min 

90 min 

120 min 

180 mm 

240 mm 

SOOmin 

1.9 

11 

1 2 

14 

4.2 

5.1 

6.1 

6,2 

6.3 

6.8 

5.1 

0.18 

4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.1 
4.3 
5.1 
6.9 

28.6 
18.2 
9.1 

0.36 

0.27 

o j n 

0.2 

0.19 

0.18 

Aug-25 Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

3.9 
1 2 
1.8 
1.6 
1.5 
1.6 
1.7 

0.02 r - 3 0 o C 
< - 2 0 m g / L F e a 3 

173 

r-j9.ooc 

6.2 
5.4 
4.1 
3.8 
3.9 
3.9 
3.9 

1.9 

11 

1 2 

1 2 

12 

1 3 

14 

4,2 

5.3 

6.5 

6.8 

0.18 

0.06 

4.1 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.2 
4.4 
4.3 
4.5 
6.8 

413 

31.8 

21,3 

9.2 

012 

0.17 

0.17 

0.17 

0.18 

0.18 



Aug-:w 

Sep-OS 

Sep-0(. 

Measurement 
time 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

Aflerfeed 
5 mm 
10 nun 
15 min 

20 min 

25 min 

30 mm 

45 min 

50 min 

60 min 

90 min 

120 min 

Before feed 

5 mm feed 
10 nun feed 
15 mm feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

Aflerfeed 
5 min 
10 min 
13 min 

20 min 

25 mm 

30 min 

45 min 

50 min 

60 min 
90 mm 
120 min 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

Aflerfeed 
5 min 
10 min 
15 min 

20 min 

25 min 

30min 

45 min 

50 min 

60 mm 

90 min 

SUMMARY OF B 

Reactor » 1 
DO (mg02/L) 

6.8 

4.1 
14 
1.8 
1.6 
1.6 
1.6 
1.7 

1.9 
1 1 
1 5 

1 5 

1 5 

16 

3,2 

4.8 

5.1 

6.5 

6.8 

6.7 

4.3 
1 8 
1.8 
1.7 
1.6 
1.6 
1 7 

1.9 
1 1 
1 5 

1 5 

1 5 

1 6 

3.2 

4.8 

5.1 
6.5 
6.8 

6.6 

4.6 
3.1 
1.8 
1.7 
1.6 
1.8 
1.6 

1.9 
11 
12 

1 2 

1 2 

12 

1 6 

5.8 

6.3 
6.4 

NH3-N(mg/L) 

0.03 

20.5 

116 

5.2 

0.22 

0.05 

0.02 

21.8 

14.2 

6.1 

0.46 
0.04 

0.04 

25.6 

175 

9.2 

0.12 

lOKINETICSMEASUF 

Rate 
(CO-CO/t 

[ m g N m - n / m i u ] 

T - 2 9 . S 0 C 
< - 3 0 m g / L F c a 3 

0.52 

031 

0.34 

T - 2 9 . 5 oC 
< - 4 0 m g / L F e a 3 

031 

0.52 

OSS 

T - 3 O I 0 C 
< - 6 0 t . g / L F e a 3 

034 

034 

0.42 

lEMENTS 

Reactor # 2 
DO (mg02/L) 

7.9 

6.1 
3.9 
2.4 
2.2 
1 2 
1 2 
1 2 

14 
14 
1 4 

14 

14 

1 5 

1 6 

1 7 

1 8 

5.2 

7.2 

6.9 

5.4 
3.3 
1 2 
1.9 
1.9 
1.9 
1 1 

1 1 
1 2 
1 2 
1 2 

1 2 

1 2 

1 6 

3.7 

4.8 

5.2 
6.2 

6.8 

4.9 
3.3 
1 3 
1 1 
1.9 
1.9 
1.9 

1.9 
2 

11 

2 

2 

1 1 

1 2 

3.1 

4.4 

6.3 

NH3-N (mg/L) 

0.06 

28.6 

18.2 

9.2 

016 

0.02 

18.1 

9.2 

0.22 

008 

005 

35.7 

25.2 

14.7 

4.3 

0.24 

Rate 
(CO-Ctl/t 

[ m g S m - N / m i n ] 

T - 2 5 . 5 oC 

0.35 

0 3 2 

0.32 

r » 3 0 . 5 o C 
(4 L ML replaced) 

0.59 

0.59 

T - 3 O . S 0 C 

0.7 

0.7 

0.69 

0.59 

Page 10 of 12 



TABLE F.l 

Sep-1) 

Sep-17 

Measitreiuent 
time 

) Before feed 

5 min teed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

After feed 
5 mm 
10 mm 
15 min 

20 min 

25 min 

30 min 

45 min 

50 min 

60 min 

90 min 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

After feed 
5 min 
10 min 

15 min 

20 min 

25 min 

30 min 

45 min 

50 min 

60 min 

90 min 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

After feed 
5 mill 
1(1 min 
15 min 

20 mm 

25 min 

30 min 

45 min 

50 mm 

60 mm 

9(1 mm 

SUMMARY OF E 

Reactor « 1 
DO (mg02/L) 

6.5 

4.7 
3.3 
1.9 
1.7 
1.7 
1.8 
1.6 

1.9 
2 

1 1 

1 2 

1 2 

1 2 

16 

5.8 

6.3 

6.4 

6 7 

4.9 
3.6 
1 2 
1 2 
1 2 
1 2 
1 2 

1 8 
1 8 

1 8 

1 8 

3.2 

3.8 

3.8 

3.8 

3.9 

5 7 

6.8 

5.1 
4.2 
3 2 
1 9 
1 9 
1 9 
1 9 

3.2 
3.3 
3.7 

3.7 

3.7 

3.8 

3.9 

3.9 

3.9 

4.8 

NH3-N (mg/L) 

0.03 

25.9 

18.4 

10.2 

0.16 

O05 

0.04 

29.2 

20.1 

5.8 

0.26 

0.03 

25.6 

20.4 

13.8 

4.8 

0.33 

l IOKINbl lCS MEASUI 

RaU 
(CO -Ct)/t 

[mgNH3-N/iuinl 

T - 3 0 . 2 o C 
<-70mg/LFeC13 

0 3 

0.S2 

0.43 

0.29 

r - 2 S . 5 o C 
< - 4 0 m g / L F e a 3 

0 3 

0.39 

032 

r - 2 1 5 o C 
<-40mg/LFeCn3 
(3 L ML replaced 
with water) 

0.35 

039 

0.28 

0.28 

tEMENTS 

Reactor It 2 
DO (mg02/L) 

6.6 

4.3 
3.1 
12 
1.8 
1.9 
1.9 
1.9 

11 
2 

11 

12 

12 

11 

1 3 

3.2 

4.6 

6.3 

71 

5.7 
3.7 
2 2 
1.8 
1.9 
1.9 
1.9 

11 
2 

11 

12 

12 

11 

1 3 

3.2 

4.6 

6.3 

6.8 

5.5 
3.7 
1 8 
1 3 
1 2 
2 2 
12 

1 5 
1 6 
1 7 

1 7 

2.7 

1 7 

3.2 

3.3 

3.4 

5.9 

NH3-N (tng/L) 

0.02 

34.3 

25.4 

15.6 

4.9 

0.26 

0.06 

25.2 

173 

8.2 

0.26 

0.06 

0.04 

23.8 

11.6 

0.38 

0.08 

Rate 

(co-ctv* 
[lugNH3-N/lnin] 

T ' 3 0 . 4 o C 
<-30mg/LFeC13 

0.59 

0.62 

0.65 

036 

T-2S.5oC 
^ 4 0 m g / L F e C 1 3 

0.52 

0.56 

0.55 

0.42 

T - 2 4 5 oC 
< - 4 0 m g / L F e a 3 

0.41 

0.42 

Page 11 of 12 



TABLE F.l 

SUMMARY OF BIOKINETICS MEASUREMENTS Page 12 of 12 

Measureiiietit 
time 

Sep-20 Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

Reactor # I 
DO (mg02/L) NH3-N (mg/L) 

5.3 
4.5 
3.2 
2.4 
1 1 
12 
1 2 

R a t ; 
(CO-Ct)/t 

[mg NH3-WniH] 

T ' 2 3 . 5 o C 
< - 4 0 m g / L F e a 3 
(3 L ML replaced 
wiUi water) 

Reactor* 2 
DO (mg02/L) NH3-N (mg/L) 

5.6 
3.9 
1 8 
2.4 
1 2 
11 
11 

0.04 

Rate 
(CO -ct)/ t 

[mg NH3-N/miu] 

T - 2 Z S 0 C 
< - 4 0 m g / L F e a 3 
(500 ml ML 
replaced with water) 

After feed 

5 min 

lOmin 

15 min 

20 min 

25 min 

30 min 

45 min 

50 min 

60 min 

90 min 

14 

1 4 

14 

15 

15 

3.2 

3.7 

3.9 

4.8 

6.2 

14.4 

0.18 

0.06 

034 

2.3 

13 

2.3 

13 

13 

14 

19 

3.3 

3.7 

6.1 

171 

0.12 

0.05 



Page l of 3 

TABLE F.2 

SUMMARY OF BIOKINETICS MEASUREMENTS 

DURING HNAL STAGE OF TREATABILITY STUDY 

«l» 

Measurement 
iit/ie 

Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 

Aflerfeed, 
5 min 
10 min 
15 min 

20 min 

15 min 

31) min 

45 min 

50 min 

6(1 min 

9(1 mm 

K a i c t a r * ! 
D O (mgOZ/L) 

6,8 

5.3 
4.5 
3.2 
1 4 
1 1 
1 2 
1 2 

14 
14 
14 

1 5 

1 5 

3.2 

3.7 

3.9 

4.8 

6.2 

NH3-N(mg'L) 

0.05 

318 

24.5 

18.3 

6.2 

0.06 

Rate 
(CO-CtVt 

[mgim3-N/min] 

T = 3 0 2 o C 
<-40mg/LFeC13 

0.55 

0.48 

0.44 

Reactor* 2 
DO (mgOVL) 

7 2 

5.6 
3.9 
1 8 
2.4 
1 2 
1 1 
11 

1 3 
2.3 
1 3 

1 3 

1 3 

2.4 

1 9 

3.3 

3.7 

6.1 

NH3-N(mg^) 

0.04 

33.9 

28.1 

213 

9.1 

0.13 

Rate 
(CO-CtVt 

[mgNH3-N/min] 

T - 2 2 . 5 oC 
< - 4 0 m g / L F e a 3 

039 

0.39 

0.41 

HRT changed to 4 days 

Oc- (7 Before feed 6.7 

Feed without aeration 

5 min 

IC min 

15 min 

20 min 

25 min 

30 min 

45 min 

50 min 

60 min 

90 min 

120 mm 

150 min 

1.9 

11 

1 1 

1 2 

1 2 

1 2 

1 3 

1 3 

1 3 

1 3 

1 4 

5.9 

HRT changed to 3 3 days 

Oc t* ) Before feed 6.9 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
50 min feed 
75 min feed 

Aflerfeed 
5 min 
10 min 
15 min 

20 min 

25 min 

30 min 

45 min 

50 mm 

4.9 
3.5 
1 8 
14 
1 2 
1 1 
1 2 
2.2 

1 1 
1 1 

1 3 

1 6 

1 9 

3.6 

5.1 

6.2 

25.9 

215 

15.3 

8.2 

1.9 

0.05 

0.26 

0.24 
0.24 
a23 

5.7 

3.1 0.51 

035 

6.9 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
3(. min feed 
45 min feed 
60 min feed 

Aflerfeed 

5.1 
4.2 
1 9 
1 4 
1 2 
1.9 
1.8 

7 1 

13 

29.8 

<-40 m g / L P e a s 

4.2 
3.6 
3.2 
1.8 

0.43 
0.31 
0.22 

1.7 

1 6 

5.2 

5.04 

4.01 

2.9 

1.8 

1.8 

1.8 

1.8 

1.8 

4.9 

1 7 

3.8 

3.9 

16 

12 

1.8 

1 3 

1 8 

0.05 

48.4 

50.9 

412 

35.2 

29.3 

15.2 

5.6 

0.12 

30.4 

26.2 

18.6 

r « 2 1 3 oC 
< - 4 0 m g / L F e a 3 

start aeration 

038 

032 

0.36 

0.39 

037 

r - 3 0 . 4 o C 
< - 4 0 m g / L F e a 3 

7 7 

6.1 
1 3 
0.08 
0.06 
0.05 
004 
0.04 

0.04 

6.6 

16.5 

35.2 

r - 2 1 6 oC 
< - 4 0 m g / L F e a 3 

tlarl aeration 

03 
0.37 
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TABLE F.2 

SUMMARY OF BIOKINETICS MEASUREMENTS 

DURING HNAL STAGE OF TREATABILITY STUDY 

/>a(c Measurement 
time 

60 min 

90 min 

120 min 

Reac to r* ! 
DOimgOVL) NH3-N(mg/L) 

6.3 
6.4 
6.6 

HRT changed to 3 days 

O,i-I0 Before feed 6.8 

Rate 
(co-ct)/t 

[mg NH3-N/iuiHl 

Reactor* 2 

0.05 

5 min feed 
10 min 
15 min 
20 min 
30 min 
45 min 
60 min 
90 min 

feed 
feed 
feed 
feed 
feed 
feed 
feed 

Aflerfeed 
5 min 
10 min 
15 min 

20 min 

25 min 

30 min 

45 min 

50 min 

60 min 

90 min 

4.8 
3.6 
2 8 
14 
1 3 
1 3 
1 3 

145 

1 5 
16 
3.1 

3 3 

4.2 

5.2 

61 

6.2 

6.3 

6.5 

117 

6.5 

0.82 

0.06 

r-=3o.ioc 
<-40mg/LFeCI3 

DO0ugO2/L) N m - N (mg/L) 

3.4 

3.8 

5.7 

76 

6.1 
1 3 

0.08 
0.06 
0.05 
0.04 
0.03 

1 5 

3.6 

3.9 

2.7 

12 

1 3 

1 2 

1 8 

6.6 

6.8 

11.4 

1.9 

0.06 

0.05 

313 

24.2 

15.9 

0.58 

Rate 
(co-ct)/t 

[mg NH3-N/iuin] 

0.39 
0.37 

r - 2 1 2 oC 
< - 4 0 m g / L F e a 3 

start aeration 

Oci- 1 Before feed 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 mm feed 
43 mm feed 
60 mm feed 
90 mm feed 

6.9 

4.6 
3.5 
16 
14 
1 3 
13 
13 
13 

0.05 r - 2 7 3 oC 
< - 4 0 m g / L F e a 3 

7 5 

5.9 
11 

0.09 
0.06 
0.05 
0.04 
0.03 33.4 

r = 2 1 3 o C 
<- 40 m g / L FeC13 

After feed 
5 min 14 
in mm 14 
15 min 1 5 
20 min 1 5 

25 min 1 8 

3(1 min 3.8 

45 min 4.6 

50 min 5.9 

60 min 6.2 

90 min 6.3 

Temperalnie padna l lv reduced 

Ocl-H Before feed 7.6 

start aeration 

(HI 

5 min feed 
10 min feed 
15 min feed 
20 min feed 
30 min feed 
45 min feed 
60 min feed 
75 min feed 
90 min feed 

After feed 
5 mm 
10 min 
15 min 
20 min 

6.4 
5.3 
4.9 
4.7 
4.6 
4.6 
4.6 
4.6 
4.6 

4.6 
4.6 
4.6 
4.6 

0.03 

3.2 

72 
12.8 
175 
21.2 
276 

038 

0.4 

T - I 9 . 6 0 C 

<- 40 m g / L F e a 3 

1 8 
3.9 
3.6 

16 

1 2 

1 3 

14 

3.1 

6.2 

6.8 

25.4 

171 

0.38 

0.06 

0.53 

0.54 

0.55 

HRT chaneed to 4 davs HRT. feed wilhoat aenKim 

8.1 

5.9 
1.1 

0.09 
0.07 
0.06 
0.05 
0.04 
0.03 

0.03 

3.8 

12.2 
23.6 
31.2 
40.3 

r - 1 9 . 3 o C 

< - 4 0 m g / L F e a 3 

.start aeration 
4.8 

5.3 

5.3 

5.1 

36.2 
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SUMMARY OF BIOKINETICS MEASUREMEI4TS 

DURING FINAL STAGE OF TREATABILITY STUDY 

Page 3 of 3 

l i i l f 

I t 

Measurement 
thiie 

25 mm 

30 min 

45 min 

50 min 

60 min 

90 mm 

120 min 

150 min 

Oct-16 Before feed 

5 mm feed 
10 nun feed 
15 ni in feed 
20 nun feed 
30 n>in feed 
45 min feed 
60 min feed 
75 min feed 
90 min feed 

Aflerfeed 

5 min 

10 min 

15 min 

20 min 

25 min 

30 min 

45 min 

50 min 

60 min 

90 min 

120 min 

150 min 

ISO min 

Reactor* I 
DO(mg02/L) NH3-N(iug/L) 

4.6 

4.7 

4.8 

4.9 

5 2 

6.2 

6.6 

7.2 

5.2 
4.9 
4 7 
4.6 
4.5 
4.6 
4.6 

4.7 
4.9 

5.05 

5 

4.9 

4.9 

4.9 

4.9 

4.9 

5.2 

6.8 

7 2 

17.6 
116 

74 

0.21 

Rate 
fCO-Cl*t 

(»i;NH3-A{^iiifi] 

0.33 
0.33 

Reactor « 2 
D0(mg02/L) NH3-N (tng/L) 

T = 193 oC 
< - 4 0 m g / L F e a 3 

7.8 

17.6 

29.5 

25.7 

9.5 
3.6 
0.16 

03S 

033 
0.29 

5 

4.8 

4.7 

4.75 

4.8 

4.S 

4.9 

6.7 

8.2 

5.8 
1.2 

009 
0.07 
0.06 
0.06 
0.05 
0.04 
003 

3.9 

4.8 

5.3 

5.3 

5.2 

5.1 

5.1 

4.8 

4.5 

4.3 

4.6 

5.2 

6.6 

31.7 

25.2 

18.5 
9.2 
1.9 

0.11 

0.02 

118 

31.6 

40.9 

36.9 

25.7 

20.5 

11.6 

4.9 

0.42 

Rate 
(CO-Ct)/t 

[mg NHS-N/ininl 

0.29 

0.33 

0.36 

0.34 

0.32 

T •= 19.1 oC 
<- 40 m g / L FeCB 

start aeration 

0.26 

0.25 
0.23 
0.24 
0.24 

m 



APPENDIX G 

MICROTOX ANALYSES OF RAW GROUNDWATER AND EFFLUENTS AFTER UPSETS 

CFA 19023 (10} 
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TABLE G.l 

RESULTS OF MICROTOX ANALYSES 
WAUKEGAN NITRinCATION STUDY 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 
WAUKEGAN, ILLINOIS 

l l . i i i 

Dati 

Aug-()8 

Sep-23 

Sep~29 

Sample 

Raw Mixture 

After Fee<i 

Effluent 

ML After Upset l(no air) 

ML After Washing 

ML After RAS Exchange 

L After Upset 2 (pH = 11.4) 

ML After Washing 

ML After RAS Exchange 

Microtox Result 

2.30% 

16.20% 

100% 

100% 

100% 

100% 

14.60% 

46.70% 

100% 

Comment 

NH3-N = 720 mg/L 

NH3-N = 22.9 mg/L 

NH3-N = 0.06 mg/L 

NH3-N = 76.2 mg/L 

NH3-N = 39.1 mg/L 

NH3-N = 30.4 mg/L 

NH3-N = 46.3 mg/L 

NH3-N = 8.3 mg/L 

NH3-N = 2.8 mg/L 

(IRA 19(123(10) 



APPENDIX H 

RESPIROMETRIC PROCEDURE AND CALCULATIONS 

CI:A 19023 (lo;. 



RESPIROMETRIC TESTS - GENERAL DESCRIPTION 

Conestoga-Rovers and Associates (CRA) Treatability Laboratory is equipped with tlie 

res]?irometric system capable of carrying out a variety of biodegradation and biokinetic 

studies for aerobic and anaerobic systems. During Nitrification Study aerobic mode oi 

the respirometer was used. 

1.0 AEIROBIC RESFIROMETRY 

Aerobic respirometry allows simultaneous monitoring of biochemical oxygen demariid 

in several reactors at a precisely controlled temperature. The reactors are fed w^ith tlie 

saiTie amount of biomass (RAS) but different concentrations of the investigated 

wastewater or the particular substance. This allows the determination of the biological 

activit}"^ of tlie investigated system in relation to the waste strength. On the basis of 

biological oxygen uptake data and the results of chemical analyses of reactor contents 

before and after the tests, biokinetic constants, namely maximum growth rate (fa.max), 

sludge yield (Y), half rate concentrations (Ks and Ki) can be calculated. The biokinetic 

constants are then used to calculate the optimum design and operational parameters of 

biological treatment system for the investigated wastewater. 

1.1 PRINCIPLE OF SYSTEM OPERATION 

ResjDirometer monitors biochemical oxygen demand in closed reactor. As respiration 

takes place, oxygen is depleted and carbon dioxide is released at the same rate. 

Simultaneously, this carbon dioxide is removed from from the reactor atmosphere using 

solid potassium hydroxide. As a result, the pressure in the reactor drops. The 

Coniput-OX system detects this drop in pressure and delivers oxygen to the reactor in 

measured increments. The system records the mass and voliune of oxygen as well as the 

timt! it was delivered. It also generates numeric and graphic display for each test. 

The Main Components of Respirometric System 

Coniput-OX, N-CON12 channel respirometer; 

• 12 reactors, each 1 L volume equipped with injecton/sampling ports; 

• water bath with a precision temperature control; range: 5 - 35°C; precision of; 

• temperature control: ± 0.1°C; 

• ]^C, equipped with CTOX computer program for data coUection; and 

• instrtiment control. 

CFA 19023(10) H - 1 
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APPENDIX I 
Mill 

ARSENIC MASS BALANCE IN SBRl 

CRA 19025 (10) 

H>0 



TABLE Ll 

MASS BALANCE OF ARSENIC IN THE REACTOR 5BR-1 

BIOLOGICAL TREATMENT WITHOUT FERRIC CHLORIDE ADDITION 

WAUKEGAN MANUFACTURED GAS AND COKE PLANT 

WAUKEGAN, ILLINOIS 

Date 

2-Jun 

5-Jun 

9-Jun 

13-Jun 

17-]un 

20-Jun 

Arsenic cone (mg/L) 
Influent Effluent 

6.4 

6.4 

6.4 

6.8 

6.8 

6.8 

1.4 

1.3 

2.2 

4.5 

5.7 

6.2 

(mg/L) 

10700 

10600 

10500 

10400 

10600 

9800 

MLTSS 
Total in reactor 

(g) 

160.5 

159 

157.5 

156 

159 

147 

Sludge wasted 
(g/day) 

1.07 

1.06 

1.05 

1.04 

1.06 

0.89 

Load (mg/day) 

15 

15.3 

12.6 

6.9 

3.3 

1.8 

Arsenic Accumulation 
Removal with sludge 

(mg/day) 

0.19 

0.19 

0.34 

0.86 

1.02 

1.00 

Net (mg/15 L) 

14.81 

15.11 

12.26 

6.04 

2.28 

0.80 

As in sludgt 
Calculated 

0.36 

0.70 

1.14 

1.15 

1.18 

1.21 

'• (mg/g) 
Found 

0.18 

0.32 

0.83 

0.96 

1.12 

1.19 

CRA 19023 (10) 



 
  

        
    

 

      

   
     
  

    
   

   

   
       

              
              

            

                 
             

  

   

     

 
 

       
     

     
    

     
    

  

  
   

       




